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FOREWORD 


The  tern  "Protective  Const:  uctlon"  embraces  those  passive  measures 
vfalch  can  be  effected  by  constructlo.^  to  nullify  the  effects  of  weapons  and  to 
cishance  the  recuperablllty  of  veapcr  .  systems  and  facilities.  The  term  in¬ 
cludes  dispersion  and  d^pllcatlon  of  services  as  veil  as  strengthening  of 
structures j  camouflage  and  the  Inco:  .oration  of  protection  against  chemical, 
biological  and  radiological  agents.  The  term  does  not  fully  embrace  all 
elements  of  passive  defense,  such  as  electronic  coimtermeas vires,  control  of 
electronic  emissions,  control  of  Ilf  ting  and  damage  control. 

"Hardening"  Is  used  to  define  that  form  of  protective  construction 
d  tA.  struc^uid'*  blast  and  shoric  resistance  to  the  effects  of  nuclear 
-...v^ns.  A  physical  'orrler,  the  hax'i>ned  structure.  Is  Interposed  between 
the  weapon  cr-l  the  of  feting  function  to  be  protected. 

Protection  ’n  provided  by  "sheltering*  the  personnel  and  equipment, 
or  by  dispersing  the  icilltles  idiich  they  required,  or  by  building  duplicate 
facilities.  Although  Ihe  end  product  Is  a  military  construction  Item,  there 
are  numerous  factors  ther  than  engineering  and  construction  vdilch  are  basic 
to  the  problem  and  h<  /e  major  lnfluen':c  on  the  final  solution. 

This  docut  .  .it  provides  a  systematic  procedure  fox-  integrating  the 
essential  strategic,  operational  and  engineering  factors  which  must  be  con- 
sldex*ed  In  developlr^j  a  pzogram  of  "hardening"  from  the  inception  of  the  re¬ 
quirement  throu^  t>e  construction  of  the  facility.  The  procedure  used  is 
summarized  In  the  C  'VQPSIS  axid  is  treated  In  detail  In  the  various  sections 
cf  this  Guide. 

Since  he.‘.enlng  Is  a  new  field  and  since  active  studied  and  experi¬ 
ments  are  contlnviaT  y  underway.  It  can  b*:  expected  that  any  report  svasaarlzlng 
the  current  str.to  ,  f  Information  will  ne  .cssarlly  be  Incomplete.  Itoreover, 
because  many  (.sp.-.‘t8  of  the  subject  have  been  Insufficiently  studied  heretofore. 
It  Is  necessary  tt  make  certsdn  assvmiptlons  and  to  devalop  cartsdn  treatisenta 
using  the  best  eigineerlng  Judgment  and  experience  that  It  Is  possible  to 
bring  to  bear  on  'he  siibject.  Consequently  It  may  appear  that  aoiaa  of  the 
xrecoeniendatlonB  ^ud  procedures  given  heroin  are  based  neither  on  analytical 
studies  nor  on  d'rect  experimental  evidence.  Ih  these  Instances  an  attempt 
ucx  made  to  t  ing  -to  bear  knowledge  of  related  fields  In  an  effort  to 
make  availr'''*'  ...d  beat  possible  reconoendatlons  on  che  subject  at  the  present 
time. 


As  fvu'ther  Icnovledge  becomes  available,  it  la  expected  that  revisions 
to  parts  of  this  review  guide  will  be  made  in  order  that  the  m  ‘erlal  -In  xx 
can  remain  vp-to-date  end  useful.  It  is  hoped  that  the  publicatinn  of  this 
review  guide  will  not  Impede  current  or  future  prograne  of  research  and  study 
which  are  urgently  required  tc  fUmish  better  end  more  euthorltetive  Infonui- 
tlon  on  many  of  the  topics  treated.  Without  the  background  of  fundamental 
studies  -which  hanre  been  carried  on  in  the  pest  the  present  volwe  would  have 
been  Impossible  to  write.  Without  further  st.iidles  In  many  of  the  fields, 
revisions  In  the  direction  of  greeter  economy  or  greater  essurence  of  eueeess 
In  the  design  of  protective  structures  will  not  be  posalble. 

This  Is  a  doowent  primarily  for  Internal  use,  within  OSD,  for  re¬ 
viewing  protective  construction  progrsna  and  more  detailed  projeete.  It  may 
be  used  by  other  SOD  offices  as  approved  by  their  epproprlete  headquertere. 
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synopsis 


Procedure^  for  the  study^  justification,  and  review  of  protective 
construction  projects  are  described  herein.  A  syTiopsls  of  tae  recoenended 
procedure  foy  a  particular  facin'^  or  operatlcu  follows: 

Determine  the  Strategic  Category  of  the  facility  or  operation  hy 
referring  tc-  SECTION  1.  Bien  determine  the  required  degree  of  protection,  m 
terms  of  design  blast  overpressvure,  by  the  procedure  of  SECTION  2,  TARCST 
ANAZ^rSIS.  It  may  be  that  no  protection  la  required.  However,  having  estab¬ 
lished  the  need  for  and  level  of  protection.  If  required,  It  la  necessary  then 
to  specify  the  personnel  tmd  materiel  to  be  protected  and  the  physical  space 
and  utilities  required  In  the  facility,  by  reference  to  SECTION  3,  OFBRATIORAL 
CONCEPTS  AND  REQUIREMENTS.  The  survival  criteria  for  the  personnel  and 
materiel  to  be  protected  are  next  deteimlned  by  reference  to  SBCTIOH  4,  DAMA2S 
CRITERIA.  After  these  steps  have  been  accomplished,  It  la  chen  possible  to 
consider  the  design  of  the  facility  or  structure. 

It  Is  necessary  at  this  point  to  detezmine  the  type  of  structure 
required  for  the  various  parts  of  the  facility  under  study.  Sils  involves 
consideration  of  what  the  structure  must  do  In  attenuating  blast,  thezmal 
radiation,  nuclear  radiation,  and  earth  shock.  The  analysis  of  the  structure 
can  then  be  accomplished  and  design  proportions  selected  by  the  Mthoda  and 
charts  of  SECTIQN  5,  1881(81  AHALfSlS.  Finally,  the  cost  of  the  etructure  so 
designed  may  be  estimated  by  reference  to  the  charts  contained  in  SKCTIDN  5, 
or  by  means  of  an  approximate  cost  breakdown  of  the  atructure. 

It  should  be  remembered  that  at  various  points  in  the  imvlev 
procedure  it  may  be  determined  that  protective  construction  la  either  unnecea- 
sexy  or  Impractical.  Conversely,  as  obviously  impractical  or  lopoaslble 
conditions  are  encountered,  search  for  alternative  operations  or  solutions  may 
be  made.  T^^jre  axe  many  ways  in  idilch  the  problem  of  excessive  vulnerability 
mey  be  approached.  The  solution  may  lie  In  Ingenious  manipulation  of  location, 
alternative  methods  of  operation,  or  In  appropriate  engineering  design.  One 
muat  consider  all  of  these  posalbilitlee  to  Insure  the  BK>st  economical 
solution. 


Attention  is  called  to  certain  basic  prem-* sea  whle*.'.  must  be  kept  In 
mind  In  all  caaea: 

a.  The  vulnerability  of  all  elements  essential  to  the  operation 
must  be  considered.  An  othervlee  adequate  etruotural  solution  my  be  vulner¬ 
able  to  ground  shock,  for  exasq^le;  or  a  missile  Instal'*  ution  .'sy  be  adequately 
protected  In  all  respects  except  for  the  fuel  lines  eonneoting  the  fuel  supply 
to  the  missile  eneloeure. 

b.  Alternate  methods  of  protection  should  be  considered.  These 
Inclxida  dispersal,  dtqjtllcatlon,  alert  status,  ea  well  aa  structural  protectloa. 

e.  Ihe  method  and  level  of  proteetlon  should  be  consistent  with 
the  IncresMOt  In  survlvsl  probability  whlc!z  It  produces. 


d.  Prcteotlon  should  be  provided  only  to  those  elements  vhich  are 
essentlaJ  to  the  operation,  and  even  In  these  cases,  space  and  other  allowances 
and  requirements  should  he  reduced  to  a  minimum. 

e.  Ihc  cost  of  physical  protection  is  hi^  and  the  need  for  more 
protection  is  extensive.  Consequently,  the  more  the  unit  cost  of  protection 
can  be  reasonably  red  iced,  the  more  Items  can  be  protected. 

f.  Ohe  solution  to  difficult  problems  of  protection  often  may  lie 
in  Ingenloiis,  unconventional  concepts  of  oi>eration  and  design.  In  most  cauies, 
direct  application  of  conventional  layouts,  operational  requirements,  or 
design  concepts  will  lead  to  Impossible  or  Impractical  solutions. 

An  illustrative  example  of  the  procedures  described  is  contained 
in  SECTION  6.  It  may  be  noted  that  the  procedures  nay  be  used  both  for  pre* 
limlnary  design  and  for  the  cost  revlev  c*f  a  structure  which  been  designed. 
Ihe  methods  and  charts  given  herein  are  not  Intended  to  be  tiseJ  for  final 
design  or  for  accurate  assessment  of  vulnerabilities.  Li  siany  cases  the 
methods  of  this  review  guide  may  be  accurate  enouc^  for  such  purposes  in  view 
of  the  many  uncertainties  in  the  basic  data;  however,  more  precise  engineering 
stxidles  can  be  made  by  use  of  the  reference  material  in  SECTION  7,  idileh  also 
contains  the  acknovledgMnts. 

This  review  guide  is  issued  in  two  volxases.  Volume  I  is  unclassified, 
and  contains  all  the  material  related  to  target  analysis  and  to  structural 
analysis  end  design,  including  aU  neeessaxy  charts.  Vbline  n  contains  the 
material  relating  to  strategle  categories,  operational  eoneepta  and  regnire- 
sente,  end  demege  criteria,  including  eome  aupplementaxy  material  liilcn, 
because  of  eeeurlty  cla*i<tification,  could  not  be  made  anrelld>le  in  Vbluee  I. 
Copies  of  either  volune  can  be  obtained  only  throuflii  appropriate  mllitaxy 
ogencies. 
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SECTION  2.  TARGET  AKALISIS 


2.1  INTRODUCTION 

2.1.1  Purpose  of  Target  Analysis.  Target  analysis  is  used  to 
determine  the  level  rf  hardneis  required  in  order  for  a  facility  to  attain 
a  desirable  probability  of  siurvlval  against  eneny  attack.  It  is  thiis  one 
of  the  several  steps  in  protective  ccnstx^tlon  planning.  Ihe  planner 
analyzes  his  facility  as  thouc^  it  were  a  target^  using  the  best  estimate 
available  of  enemy  capabilities  and  intentioxxs.  F^x>m  this  analysis  can  be 
deteraiined  the  extent  of  structural  protection  required  to  give  a  survival 
probability  consistent  vith  the  importance  of  the  facility. 

2.1.2  Nature  of  Problem.  Much  of  the  woi*k  done  in  target  anali'nls 
has  been  from  an  attack  or  offensi/e  vlevpolnt.  Ihe  veapous  and  delivery  a.-^ 
the  known  quantities  and  xhe  target  properties  81*6  the  estimated  quantities. 
This  is  in  effect  the  reverse  of  the  present  problem.  In  this  problem  the 
weapons  and  delivery  must  be  estimated,  and  from  this  the  target  is  constructed 
or  hardened  and  Is  thvis  a  "knovn*  quantity.  !Die  element  of  probability  lies 
principally  In  what  weapon,  delivery  method,  and  tine  an  enemy  might  choose. 

Ihere  Is  still  another  is^rtant  difference.  Li  any  analysis, 
Inaccvirately-known  or  estimated  q\iantltles  are  uaualiy  taken  at  the  conserva¬ 
tive  boundary  of  the  range  of  the  possible  values.  Ihls  value.  If  conservative 
for  one  case,  may  be  xjneonservative  for  the  other  case.  Consequently,  one 
must  approach  the  defensive  problem  vlth  a  different  viewpoint  tha**  In  the 
offensive  situation.  When  a  choice  of  values  Is  necessary,  one  should  choose 
the  value  which  is  of  greatest  advantage  to  an  enemy.  This  is  of  course  the 
conservative  choice  from  the  viewpoint  of  protection  construction. 

Since  the  elements  of  weapon  selection  and  delivery  are  not  within 
tne  control  of  the  planner,  his  only  control  over  survival  probability  lies 
In  strengthening  his  defenses.  Aside  from  strengthening  his  air  defenses,  he 
can  harden,  diQ>llcate,  disperse,  or  employ  a  ccaablnatlon  of  these.  His  task 
Is  to  obtain  the  desired  survival  expectancy  for  the  least  cost  without  sacri¬ 
ficing  operational  efficiency. 

2.1.3  Procedures  for  fwo  means  of  analyzing  a 

facility  a  possible  target  will  be  presented.  Procedure  A  Is  the  shorter 
and  simpler  procedure  utilizing  "Blast  and  Fallout  Probability"  charts  pre¬ 
pared  by  a  Department  of  Defense  Hazard  Study.  This  procedure  is  the  sis^ler 
becatise  most  of  the  coiqjutatlons  of  target  analysis  have  beer,  performed.  It 
should  be  used  whenever  possible.  However,  the  use  of  Procedure  A  Is  limited 
to  CONUS  installations  idilch  are  already  in  existence  or  sited. 

The  second  procedure,  called  Procedure  B,  Is  really  a  collective 
designation  for  the  several  ways  to  be  described  of  making  an  Independent 
analysis  of  a  target.  Any  of  these  ways  Ic  usiially  more  laborious  than 
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Procedure  but  in  the  case  of  on  overseas  InstaT-lat Ion  or  a  CONUS  instal¬ 
lation  which  has  not  yet  been  sited,  it  will  be  necessary  to  resort  to  the 
use  of  the  computations  described  in  Procedure  B.  Or.  the  otiier  hand. 
Procedure  B  is  more  useful  as  a  design  tool  and  is  extremely  flexible  in  its 
application. 


2.2  DEFINITIONS  AND  NOTATION 

2.2.1  Definitions .  Key  vords  and  terms  are  defined  as  follows: 

Target.  Hie  target  Is  a  structure,  facility  or  installation 
which  is  not  excessively  large,  so  that  it  can  be  assused  without  serious 
error  to  be  subjected  to  uniform  levels  of  overpressxire  and  radiation  from  a 
given  weapon. 


Point  Target.  A  target  whose  plan  area  Is  so  small  relative 
to  the  other  distances  Involved  In  the  ancJysls  that  the  area  of  the  target 
can  be  considered  to  be  concentrated  at  a  single  point. 

Hardness  cf  a  Structure.  Peak  slde-on  overpressure  (psi) 
idilch  the  structure  will  tolerate,  where  slde-on  overpressure  Is  the 
reflected  pressure  In  air  at  the  surface  of  the  ground  at  the  structural  site. 

Viiingrubillty  Radius.  Ihe  radltis  in  feet  of  a  circle,  having 
the  target  at  its  center,  within  which  the  detoxuition  of  a  specific  yield 
weapon  will  produce  destruction  of  the  target. 

Vulnerability  Circle.  Circle  formed  by  Vulneraljlli'ty  Badlus. 

Overlapp<nf  TM-peta.  Targets  having  intersecting  Viilnera- 

billty  Circles. 


Dependent  Targets.  Two  or  more  targets  whose  spacing  is 
such  that  each  of  them  hi^s  a  finite  probability  of  being  hit  by  any  given 
attack  weapon.  Overlapping  targets  are  dependent  bi^t  targets  need  not  be 
overlapping  to  be  dependent. 

Independent  Targets.  Two  or  more  argets  w..o8e  spacing  is 
such  that  no  more  than  one  of  them  has  a  finite  probability  of  being  hit  by 
any  given  attack  weapon. 

Designated  Ground  Eero.  Ihe  ground  location,  ''or  a  evir.taco 
burst  at  which  the  enemy  will  try  to  detonate  his  weapon,  or  *or  planning 
purposes,  the  location  assissed  to  be  the  probable  detonation  point. 

Circular  Probable  Error.  It  is  assumed  that  delivery  errors 
fire  eqxudly  probable  In  all  directions  fron  a  point  target.  This  results  in 
a  circular  error  described  by  the  standard  Gaussian  Error  Distribution.  A 
meaawre  of  the  error  concentration  is  the  CEP,  which  is  the  radius  of  a  circle 
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about  the  BGZ  vltain  uhlch  one  half  of  the  veapoua  reachtiig  the  target  area 
vUl  Tall.  -ISxe  CX?  la  largely  a  function  of  the  aetho<!  of  veapon  dell.-cry. 

Probability.  The  probabiUtlea  used  In  fozsulaa  are  ei^resaad 
aa  deelaala.  It  la  eustonazy  to  apeak  of  then  aa  percent. 

2.2.2  WoUtlon. 

V  ■  Weapon  yield  In  Negatoua 

OEP  «  Badiua  In  feet  of  Circle  of  Equal  Probability 
or  Circular  Probable  Error 

OOZ  ■  Dealgoated  Oround  Zero 

n  >  Bunber  of  veapona  launched  at  a  target  or  conplex 

Z  ■  Probability  of  an  attack  launched  Ty  an  eneaqr 
reaching  the  target  vlcltiity^  i.e.,  perfbzalng 
nechanlcally  and  penetrating  the  friendly  active 
defenaea. 

Z  can  be  tbou^t  of  aa  the  probability  of  arrival.  Ih  the  dlaeuaaion  and 
iUizatratlona  to  foUov  Z  ia  taken  to  be  tmity  or  100](.  If  Z  ia  not  100$, 
the  hit  probabllltlea  inuat  be  multiplied  by  Z» 

>  Peak  alde-on  ovezpreaaure  In  air  at  ground  anrfhce 
»  fiadlua  of  Vulnerability  In  feet 

■  ibrea  of  a  ecnplex  or  a  non-point  target 

■  Eunber  of  equal  targeta 
«  Survival  probability  coaputed 

■  Smvival  probability  deaired 

«  Enriber  of  ^aquarea”  counted,  aultlpliad  by  their 
value,  on  the  plot  of  Oalla  of  Equal  PTobakbility, 
Oauaaian  Error  Matributlon.  E  rapceaente  the 
•iBipe-ahot  hit  probablli^  for  a  given  eat  of 


B  «  Probability  of  an  enany  aueoeaa 

h  ■  Eiaber  of  targeta  hit 

pre-aubacrlpte  ■  Aatber  of  attaeka 

poat-abbaoripta  ■  IWber  of  targeta,  or  if  tha  poet- 

■ubeorlpt  ia  a  eapital  latter  it 
deatipatee  a  apeeifie  target 
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2.>  PROCEDORE  USING  lOD  HAZARD  STUDIES 

2.3  •!  Establish  the  Desired  Survxvftl  Probability.  ThlL  Is  a 
function  principally  of  the  laqportanee  or  strategic  cutegozy  of  the  facUl-ty 
In  question.  It  vIU  not  be  possible  always  to  attain  the  desire  1  survival 
probability.  Thus  the  values  given  belcv  are  really  the  starting  Halts  or 
desirable  goals  as  Initial  guidance  In  target  analysis.  They  do  not  repre  • 
Rent  firm  DOD  policy.  In  a  specific  case,  the  desirable  or  recomnended 
survival  probability  will  be  considered  and  approved  Individually  by  co- 
01 iinated  review  on  the  poit  of  various  DOD  offices.  The  reference  svxvivia 
values  by  strategic  categozy  of  facility  are  as  follows: 


Strai:egle  Categoiy  Code 

Desired  Survival 
Probability  fpet) 

A 

80  -  95 

B 

60-80 

C 

ItO  -  60 

D 

10  -  liO 

2.3.2  Determine  Levels  of  Structural  Protection.  The  DOD  TBazaxd 
Studies*  are  based  on  latest  available  Intelligence  estimates.  They  integrate 
and  analyze  factors  of  probable  enemy  deployment  of  weapons,  weapon  and 
delivery  characteristics,  U.  S.  active  defense  effectiveness,  cllmatologleal 
factors,  etc.  The  results  are  presented  In  the  ibm  of  '^Blast  and  Phllout 
Probablll'ty"  charts,  one  of  which  Is  Illustrated  In  Fig.  P**!.  On  that  chart, 
for  exeople.  It  Is  shown  that  there  Is  62  perccmt  probability  that  blast  will 
be  less  than  120  psl  and  7h  percent  that  nuclear  radiation  will  be  less  than 
10,000  r/br  (theoretical  H  4-  1  hr.  rate).  The  probability  that  neither  will 
^  exceeded  Is  30  percent  (suaaatlon  of  all  Increments  In  the  quadxantbounded 
by  the  limiting  overpressure  and  radiation).  Charts  for  nearly  all  COHUB 
military  facilities,  by  Serrloe,  are  part  of  the  document,  '^elear  Attack 
Hazard  on  0(HRB”,  prepared  by  OASD,  Dastallatlons  and  Loi^tlcs.  These  charts 
will  be  distributed  separately  to  recipients  of  this  guide.  The  general 
patten  of  attack  on  vhldi  these  charts  are  based  Is  also  part  of  the  1  /i  L 
doctaent.  Because  the  charts  nfleet  certain  fixed  assoaptlons  of  active 
defense  capability,  there  will  be  anoaalles  In  the  inolvldusl  cases*  SO 
detenlne  the  levels  of  protection  required  to  attain  any  desired  survival 
probability,  the  chart  may  be  tised  directly  with  linear  Interpolation  between 
levels  of  protection,  fbr  exasq^le,  if  a  70  percent  survival  Is  deslAwd 
against  both  blast  and  fallout,  the  levels  of  protection  roqulrev.  voulu  be 
q;>prQxlnately  2^  pal  overpressure  and  10,000  r/hr,  at  R  1. 

2.30  Fhrther  Zt  Is  apparent  frea  the  above  Uluetratlon 

that  the  deeljred  survivel  pr^)Sblllty  is  not  elwiys  preotieally  atteliiaihle. 

Then  It  would  be  necessary  to  detenlne  idiat  survival  can  reasonably  he  attained 
end  vbether  this  Is  still  Adsquate.  A  plot  of  "survival"  va*  larval  of 
proteetion*  can  be  made  quickly  fron  tha  '^Blaat  and  llallout”  ohas^  of  fig*  2*1* 
A  typical  plot  of  thla  type  la  ahovn  in  Fig.  2-2* 
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It  la  readily  apparent  that  the  e*nataat  benefit  accruea  In  the  ran^e  ^>100 
pal.  At  30  pal,  hoimwr,  the  aurrlral  la  probably  too  lo%  (30)(}.  Ihua  a 
reaaonable  approxlutlon  la  that  80  ]^1  protection  vould  provide  at  leaat 
50  percent  aurvlval  and  eorild  probably  be  pptlBua  In  thla  lUtiatratlve  caae. 
Shla-^ean  be  refined  aonevh^t  In  tema  of  coat,  by  ualng  the  cvirvea  of  fl«.  2-3, 
and  even  farther  if  dealred  by  analytical  aathoda  deacrlbed  In  8BCT10B  3. 

Other  baale  altematlvea  In  axieh  caoea  are  dlaperaal  or  dxiplleatlon.  Braluation 
of  the  vulnerability  of  a  reoote  or  dlaperaed  facility  can  be  accoiBpllehed  by 
the  nethoda  deacrlbed  In  Para.  2»k 


2.k  PfKXSDURE  fi,  ODBRAL  CONPDXmOHS 

2.k,l  Batabliah  the  Dealred  Ourvlval  Parobhblllty.  With  aosie 
qualification  the  ane  aethod  ahould  be  uaed  in  datemlnlng  the  Dealred  8ur* 
vlval  Probability  aa  vaa  ei^lalned  In  Para.  2.3.1  fbr  Procedure  A.  She 
principal  difference  betveen  Procedurea  A  and  B  In  thla  regard  la  ‘ttiat 
Procedure  A  doea  not  hove  to  conaldcr  alngle  veraua  aultiple  attacka  alnce 
thla  element  la  Inherent  In  the  BOD  Eazard  Studlea.  Procedure  B  take 

Into  account  the  nunber  of  attacka  expected  and  the  dealred  aurvlval  proba- 
billtlea  ahould  be  correlated  vlth  thla  naber*  She  problem  of  achieving 
hl^  aurvlval  probabilities  agalnat  aultiple  attacka  becomea  formidable.  It 
la  therefore  Impoz’tant  th»  t  the  eatimated  maaber  of  attacka  ahould  be 
reaaonable. 

While  It  la  not  generally  poaalble  to  aet  dovn  rulea  for  eatlmatlng 
the  mnber  of  attacka.  It  la  aaawtlmea  poaalble  to  determine  from  the  function 
of  the  facility  the  nunber  of  attacka  idilch  muat  be  vlt^tood.  Some  Inatal- 
latlona  vhich  bare  only  one-time  uae.  In  retaliation  for  example,  need 

only  aurvlve  the  initial  attack.  Other  Inatal latlona  might  need  to  aurrlve 
repeated  attacka. 


(a)'  Dlacuaalou.  It  la  neoeaaazy  to  hare  the  beat  eatlmate 
poaalble  aa  to  idiat  the  Intentlona  and  capabili.tlaa  of  a  potential  anmy  are 
la  order  to  provide  protection.  SO  do  thla  Intelllgantly,  one  ahould  know 
the  general  atrategy  to  be  tiaed  by  aa  enany,  hla  purpoae  In  attacking,  hla 
knovladga  of  our  Inatal  latlona  and  eopobllltlea,  an'  many  other  anmaihat  In¬ 
tangible  factora.  lh«re  are  In  addition  the  technical  faaturea  of  an  ena^r*a 
MqpabUltlea  lAlCh  muat  be  conaldered;  the  aoBbera  and  alia  of  hla  ueapon 
atoekpUa;  the  nethoda  of  dellvory  avallabla  to  him;  tba  accuracy  or  hla 
dallvary;  tha  rellohUlty  of  hla  maapona. 

A  plannar  la  a  raihar  locallaad  altuaEtion  cannot  hope  to  hart 
eonplata  and  currant  Information  of  thla  typa.  Bovavar,  aatlmataa  may  ba 
ovallCbla  through  tha  aarvlca  Intalllganca  aganolaa.  Bo  caaa  of  centroveray, 
tha  Batlonal  Bitalllganca  Batlmactaa,  ci^ilable  throutfi  X8,  vUl  control. 
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fttctora.  Tb»  foUoving  factors  must  be  considered. 

(1)  Weapon  Size  (W)  and  Number  of  Attacks  fn).  An 

enenor's  veapous  should  be  assuned  to  be  at  least  equal  to  our  own.  Qie  yields 
should  be  reasonable  for  the  tine  during  vhlch  the  structure  has  Its  useful 
life.*  Yields  of  1  10  MT^  and  50  MT  are  believed  to  be  realistic  for  per¬ 

haps  the  next  ten  yeaz's.  As  for  tlie  ntnber  of  veapons,  It  should  be  assuned 
that  veapons  vlU  be  delivered  In  the  aoet  efficient  manner,  l.e.,  not 
sinultanoously  at  a  sln^e  aiming  point,  and  vlth  multiple  attacks  dispersed 
tc  avoid  "over  killing." 

(2)  Method  of  Delivery.  It  may  be  assumed  that  the  1  ID 
and  the  10  ID  veapons  can  be  delivered  either  by  maimed  aircraft  or  guided 
missiles,  >hlle  the  50  MT  veapon  Is  more  likely  to  be  delivered  by  aircraft. 

(3)  CIP.  Prob^lo  rireular  Error.  It  Is  osstned  that 
errors  are  equally  probable  In  all  dlreetlons  from  ths  MZ  arvl  that  the  errors 
vlll  foUov  a  standard  Oauaalan  distribution.  Values  of  CEP  are  uneertaln  and 
uninredletable.  Current  ostlmatee  vazy  betveen  limits  of  the  order  of  0.5  to 
3*0  nautlc  '  miles. 


(4)  Designated  Qround  Zero.  She  DOZ  Is  taken  to  be  at 
the  site  of  a  single  target  If  Isolated,  a  vital  component  In  an  Installation, 
or  the  point  vhlch  vould  maximize  dsaiage. 

(5)  Probability  of  Succesa  of  Attack  (Z).  Some  estimate 
should  be  made  of  the  probability  of  any  given  attack  launched  by  an  eneaor 
reaching  a  target  area.  Oila  vould  tSke  into  account  the  poeelblUty  of 
mechanical  failures,  aborts,  and  active  dafenaea.  These  factors  are  difficult 
to  aaseas,  but  If  no  better  Information  ie  available,  Z  may  be  taken  as 

75  percent  for  aircraft  and  50  percent  for  mlaelles.  In  the  calculations 
described  for  Procedure  B  the  value  of  Z  la  taken  as  unity.  For  other  valuee 
of  Z  the  survival  probablll'ty  obtained  for  Z  ■  1.00  can  be  modified: 

8^  .  1  -  Z(1  -  8^^) 

(c)  Phcertalntlea  Described  by  Probabllltlea.  Ih  this  rsport 
the  uncertain  elements  described  by  probabllltlea  are  all  related  to  the 
veapon.  Its  dellrexy,  and  the  pressures  vhlch  vlll  pr/vall.  So  element  of 
probability  le  associated  vlth  the  ability  of  a  etruoture  to  vithstand  Ita 
limit  design  load,  elthotigh  obvloasly  some  probability  does  exist. 

jn  tha  eaaa  vhere  the  planner  makes  hie  own  Betlaate  c  T  Atts'ik, 
the  uneerteintlea  are  In  hie  eesuoptlone  of  V,  CEP,  n,  B;.d  proboble  loeatlon 
of  the  DOZ.  The  probability  of  survival  of  a  atruotura  is  than  tha  proba¬ 
bility  that  the  llmlt-deelffi  loads  of  the  etrueture  vlll  not  be  txeaaded. 
Another  way  of  esorlng  this  le  that  It  le  the  probability  that  QZ  vlll  not 
be  too  close  to  the  struetuze. 

2.4.3  Baelc  Blzwle-Bhot  ProbbbUltlee.  Having  a  set  of  veapon 
paraawters,  e.g.  MiqprayleldrXlUr^^TolBlAg^lnt  (DOZ),  probability  of 


2-6 


arrival  (z),  acd  a  set  of  target  paraoetars  tor  the  facility,  e.g.  hardneae, 
R,  and  the  relation  of  target  to  alalng  point.  It  li*  poaslble  to  ccxQmte 
the  probability  of  stirvlval  of  the  facility  from  a  onenieapon  attack.  In 
BOOK,  analyaea  this  alngle-ahot  bitrvival  probability  may  be  the  anover  desired. 
In  many  cases  the  single-shot  probabilities  can  be  eoaqpounded  to  stitdy  conplez 
Installations  and  multlple-veapon  attacks. 

llie  fundiusental  assistption  uhloh-vUl  be  vised  In  determining  single¬ 
shot  probabilities  Is  that  the  errors  of  weapon  dellvezy  will  be  distributed 
ryusnetrlcally  about  the  aiming  point.  Ihls  assisaiptlon  is  reasonable  for 
mlsallea  having  an  ertremely  lofty  trajectory  and  It  Is  fairly  accurate  for 
weapons  delivered  by  high-flying  manned  bombers,  especially  if  the  direction 
of  flight  of  the  aircraft  Is  unpredictable.  Oius  If  a  large  ntsAiar  of 
weapons  were  directed  at  the  seme  aiming  point,  they  would  fall  In  a  circular 
distribution  pattern  around  the  aiming  point.  Tba  greatest  density  of  hits 
would  lie  closest  to  the  aiming  point.  An  Idealised  pattern  of  this  type  cen 
be  described  matheeuitlealiy  by  the  Gaussian  Circular  blstrltutlon  function. 

The  CSP  Is  then  the  radius  of  the  circle  about  the  aiming  point  vllthln  which 
one  half  of  the  hits  will  occur.  3he  entire  -Gaussian  pattern,  l.e. ,  the  area 
within  which  almost  100  percent  of  the  hits  will  fall,  has  a  radius  of 
sll(Jitly  over  three  CEP's. 

Aoy  given  area  In  the  OaitBslan  pattern  can  be  evaluated  to  Show 
the  percentage  of  total  hits  idileh  will  normally  fall  within  the  area.  Rrom 
the  target  with  Its  known  hardness  and  the  eoQieeted  weapon  else  (yield), 
one  can  determine  the  radius  of  vulnerability  about  the  target.  Shis  radius 
forms  a  circle,  within  which  a  hit  by  the  assumed  weapon  will  cause  over¬ 
pressures  at  the  target  in  excess  of  Its  hardness.  All  of  these  el'mente  can 
be  combined  to  give  a  calculated  probability  of  a  '^It”,  or  conversely  the 
probability  of  survival. 

Three  methods  of  obtaining  the  single-shot  probabilities  will  be 

discussed. 


(a)  Any^iTti***?**  -  a  target  which  Is  at  WZ,  the  vulnera¬ 
bility  radius,  survival  probability  of  the  single  target  from  a  sln^' 
weapon,  and  CEP  are  related  by  the  equation: 


0.5<V<»)* 


(2-1) 


Oils  equation  Is  plotted  In  Tig.  2~h  and  2-5  for  selected  valves  of  ^  and 
CEP. 

Ibr  a  target  which  Is  a  distance  L  tram  1)Q2|,  the  ansLlytleal 
solution  Is  usually  difficult.  An  approximate  analytical  expression  Is: 


A 


r2.2(](yCEP)i2 

l-(l/CEP)^t 


(2-2) 


1 


Pbr  flDdlug  .3.  Sq.  (2>2)  vUI  usuaUy  be  leas  accurate  than  the  graphical 
solution. 

(b)  Oraphlcal.  Oie  graphical  solution  has  the  oerlts  of 
8lBq;>llclty,  flexibility,  ease  of  understanding,  and  sufficient  accuracy.  It 
requires  estimation  of  CEP,  1X2Z,  axid  L  as  do  the  other  methods.  It  has  the 
dlsad^'antage  of  requiring  trial -and*errbr  solution  to  find  the  value  of  B 
corresponding  to  a  desired  sxirvlval  probablll'ty.  ^ 

Figure  2-^  Is  a  plot  of  cells  of  equal  probability  vhlch  Is  a 
grai^ical  representation  of  the  Gaussian  Circular  Probability  Function.  Ihe 
center  of  the  plot  Is  the  DOZ.  The  "squares”  vazy  in  size,  the  smallest  being 
near  the  center.  Bach  square  has  a  value  vhlch  represents  the  probability  of 
GZ  falling  In  the  square.  The  plot  Is  scaled  In  terns  of  CEP,  half  the  squares 
lying  vlthln  a  circle  of  radius  CEP.  The  entire  plot  covers  an  area  sll^tly 
larger  than  three  CEP's  In  radius. 

It  Is  only  necessary  to  locate  the  target  In  the  plot  in  relation 
to  the  DGZ,  all  distances  being  escpressed  as  multiples  of  the  CEP.  Around 
the  target  the  vulnerabli.lty  circle  Is  drawn,  also  to  the  scale  of  the  CEP. 

A  value  N  Is  obtained  by  counting  appropriate  squares  and  mulrlplying  by  the 
values  of  the  squares,  estimating  and  counting  fractions  of  squares  also. 

H  represents  the  probability  of  a  hit  in  the  vulnerabUl*^  circle  and 


(e)  Air  Fbitse  BgqogrmB.  The  Air  Force  Physical  VulnerablUly 
Division  has  prepared  for  use  In  this  volume  a  zxxaographlc  chart  which  will 
give  the  probability  of  a  certain  effect  at  a  given  distance  from  DGZ.  Okie 
chart  Is  given  herein  as  Fig.  2-15*  It  should  be  noted  that  the  chart  is 
based  upon  a  Slgaa  of  10  percent.  Slgsa  Is  the  ratio  of  the  standard  devia¬ 
tion  of  the  dsBrnge-probabili-ty  curve  to  the  vulnerability  radius.  is  in 

contrast  to  the  other  procedu:.es  and  methods  described  herein  which  are  based 
kipon  a  slgsa  of  zero,  or  a  "cookie -cutter"  concept.  The  difference  in  the 
results  for  the  two  values  of  slgsa  ii  usually  not  slgnificmst'and  certalhly 
Introduces  no  unduly  large  error  In  the  type  of  problem  treated  here. 

2.4.4  Deterainlng  Level  of  Protectlo"  *  g*«ffia-«sapon 

Attack.  Bie  probabilities  foiind  in  Para.  2.4.^  can  be  applied  directly  to 
several  situations.  The  problem  will  gen. .rally  be  or  j  of  two  types:  oalea- 
latlng  the  survival  probability  from  the  other  values  ibieh  are  known  or 
aasuBMd;  or,  ealeulatlxig  the  overpressure  at  the  structural  site  (and  thus 
the  req^dred  hardening)  from  the  other  values  idiloh  are  known  or  sssnsd. 
this  Revlev  Guide  the  emphasis  Is  on  the  latter  problem,  i.e.,  £  - '‘.ezaiulng 
the  hardness  required. 

Case  1— Single  facility  which  is  to  be  built  at  DOZ. 

In  this  case  the  fselllty  is  the  aiming  point  and  would  be  plotted 
C.C  the  center  of  the  Geussien  X)lstributlon  Chart  (Fig.  2-6). 
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Ube  knovn  or  asauMd  •tartlBc  values  are  M,  CSBP,  8',  and  L  (-0). 
Slther  Sq.  (2-l)  or  the  greihleal  solution  of  Pare.  2.4.^(b)  ean  be  used  to 
conpute  R  •  Figure  2*7  can  then  be  entered  vlth  V  and  It  to  find  the  over- 

pressure  p..  for  uhieh  the  structure  oust  be  hardened. 

so 

An  alternate  solution  uould  be  to  use  the  chart  In  Fig.  2-15. 

Case  2— fbfltiity  idilch  Is  to  be  built  near  the  DQZ. 

In  this  ease  the  facility  Is  not  Itself  the  aladng  point,  but  la 
sufficiently  close  to  the  DOS  so  as  to  have  a  probability  of  being  hit. 

Ihe  knovn  or  assissed  starting  values  are  V.  CEP,  S',  and  L. 

Equation  (2-2)  or  the  graphical  solutlMi  of  Para.  2.4.3(b)  ean  bo  used  to  e«»- 
pute  R  •  Equation  (2-2)  Is  less  aceurcte  than  the  graphical  solution  but 
gives  a  reasonable  ansver  If  l/OBP  la  less  than  1. 

The  graphical  nethod  is  nore  accurate  but  has  the  dlsadvsntage  of 
being  a  trlal-and-orror  procedure,  the  problsn  being  to  find  the  radius  of  a 
circle  vhose  center  Is  a  distance  L  froai  SQZ  and  vhose  area  corresponds  to  the 
desired  survival  probability.  The  radius  of  this  circle  is  the  aou^it. 

Having  found  the  valxM  of  R  ,  Fig.  2-7  can  be  used  to  find  the 
overiuresstire  In  the  sane  wanner  as  vas  done  In  Case  1. 

The  chart  In  Fig.  2-15  ean  be  used  as  an  alternate  and  Is  wall 
veil  suited  for  this  case. 

Case  Tw)  or  wore  dependent,  overlennina  tarawta 
subjected  to  ^  veMon  afetarfe. 

If  tvo  or  sore  targirts^hsvt  ovorlappiag  rulasaMbdlity  elreloa.  It 
Is  possible  that  one  weapon  could  fall  la  a  vulnerability  area  nr— nn  to  two 
or  nore  and  thus  destroy  that  ntaiber;  It  is  also  possible  that  tbm  slni^ 
veapon  could  fall  In  a  vulnerability  area  exclusively  related  to  one  target 
and  wnild  thus  destroy  only  that  one  target. 

This  ease  Is  veil-suited  to  graphical  solution.  The  targets  vlth 
their  vulnerability  circles  dram  to  the  scale  of  dxn  VB  can  be  laid  out 
gsoaatrleally  on  an  overlay.  This '  overlay  oan  be  placed  on  the  Oonsaian 
distribution  Chsrt  (fig.  2«6)  in  different  positions  ooxTespondlng  to  dlffuent 
doe's,  snd  ths  optlnaa^DOE  iron  ths  saany  visvpolat  asleotsd  (if  not  othenrlse 
knoan).  As  probabllitlsa  of  4lts  la  ths  Tarlous  vulnerable  1  arane  ean  then 
be  detemlned  (l^,  T^).  Ibr  exmple,  if  there  are  tvo  ts^ts,  A  and  Bt 

Probability  of  Survivel  of  A  la: 


Probability  of  survival  of  B  is: 


A  ■  ^  -  »B 


Probability  that  neither  vlU  survive  one  veapon  is: 
1®0  ■  ^ 

where  is  the  N  for  the  overlapping  area 
Probability  that  both  will  survive  one  weapon  is: 

1«AB  •  ^  *  ("a  ♦  *8  ■  "abJ  • 


C«M  A-<riio  or  M>t*  iM-onrliimtat  turmtt  i»iib.1«et«d 
f  "^^flle  weapon  attack. 

These  targets  can  be  either  Independent  or  dependent.  The  prphlea 
for  each  target  is  that  of  Case  1  or  Case  P. 

Any  two  targets  are  independent  if  their  separation  distance^  d,  is 
equal  to  or  greater  than  6.V  CEP  plus  the  sm  of  their  vulnerability  radii. 
This  neans  that  for  practical  purposes  ozily  one  can  be  plotted  at  a  tlae  on 
the  Gaussian  Distribution  Chart. 

Jay  two  targets  are  dependent  when  the  condition  stated  in  the 
precedljig  paragrflgph  is  not  satisfied.  Although  no  aore  than  one  can  be  hit 
by  a  given  weapon,  all  have  a  chance  of  being  hit,  and  all  would  show  on  the 
Gaussian  Distribution  Plot.  Pbr  a  given  DOZ  the  probability  of  bitting  at 
least  one  of  them  (unspecified)  with  one  weapon  would  be  the  sum  of  the 
individual  probabilities  of  hicting  each  one  of  then  with  one  veiQOu. 

2.4.$  Multiple-Shot  Probabili-^ies.  If  more  than  one  weapon  is 
delivered  against  -^e  target  (or  targets  ^  the  probabilities  change,  and  the 
survival  probabilities  will  be  less  than  those  coaputed  for  single  wei^on 
attack.  The  multiple -shot  probabilities  can  be  computed  from  the  basic 
single-shot  probsbllitles. 

The  parameters  involved  are  the  ntnber  of  targets  m,  the  number  of 
weapons  n,  the  weapon  yield  V,  the  D6Z,  the  CSP,  the  rnnber  of  hits  h,  and 
the  configuration  of  the  target(s)  and  DOZ.  All  of  the  parameters  con  vary 
but  for  the  purpose  of  this  discussion  it  is  assumed  that  the  DC.'  end  Ute 
yield  V  remain  the  sane  for  each  of  the  n  attacks. 

The  problem  involved  here  is  best  solved  in  reverse.  That  is, 
although  the  level  of  hardness  required  for  a  certain  stirvival  probability  is 
the  desired  snswer,  it  is  easier  to  assume  levels  of  hardness  and  solve  for 
tne  resulting  survival  probabilities.  It  may  be  desirable  to  plot  the  results 
for  different  values  of  parameters,  and  then  use  the  ciurves  to  arrive  at  the 
hardness  required. 
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^aphlcal  solution  Is  best  suited  for  this  situation.  Ohe  taroet 
will  illy  be  a  complex  consisting  of  several  vulner^le  points.  It  will 
duplicated  portions,  moderate  dispersion,  and  varying  degrees 
of  ha^ess.  One  must  carefully  define  what  Is  necessary  for  sur^val. 
example,  la  an  underground  complex  with  two  Identical  entrancen,  the  survival 
of  either  tunnel  along  with  the  facility  Itself  mlj^t  be  considered  to  be  an 
over*all  survival. 


Since  there  are  so  maay  pararuiters  Involved  in  the  unatlple-target, 
mjltlple-shot  problem,  the  chief  benefit  may  be  in  making  qualitative  coo^ari- 
sons  of  different  situations  rather  than  attempting  to  assign  a  precise  number 
to  any.  given  situation.  The  next  paragraph  discusses  determination  of  proba- 
^llibles  lOr  neveral  different  cases,  and  illustrative  examples  are  given  In 
Para.  2.6. 


2.4.6  Determining  Level  of  Pixttection  Against  a  Mi^ltlnle-tfeanon 
Attack,  fbur  cases  will  be  considered. 

Case  5— Single  target  subjected  to  mult iple~ weapon  attacks. 

Fbr  n  attacks  tlte  survival  probability  becomes: 

Knowing  n  and  the  desired  S.,  this  sqxiatlon  can  be  solved  itor  ,8-. 
value  can  then  be  used  as  in  Case  1  or  2  as  appropriate  to  find^.  Trca 
and  CEP  the  value  of  overpressure  can  be  obtained  from  Pig.  2-7  a-  befbxm. 

Case  6— Two  or  more  overlapping  targets  siib.lected  to 
multiple .weapon  attacks. 

^ese  tai'gets  are  also  dependant  since  any  given  weapon  has  a  finite 
probabili-ty  of  hittl^  any  one  of  the  targets. 

Ihis  procodxire  cannot  be  standardised  but  the  solution  is  as  follows. 
The  facility  is  plotted  In  units  of  the  CEP  on  an  overliy  if  the  OQZ  is  un¬ 
certain  or  directly  on  the  Oausslon  Distribution  Chart  if  the  DOS  is  estiiblished. 
Die  slngle«shot  hit  probabilities,  N,  are  determined  for  segwnts  foxswd 
by  the  circles  of  vulnerability. 

The  survival  criterion  must  be  sett  i.e.,  precisely  id&iCh  ones  and 
how  many  of  the  targets  must  survive  In  order  to  be  considered  an  cr»  -all 
survival  for  Ihe  cooqplex.  fttn  this  the  converse  ocourrenee,  i  e.,  un  vumy 
success,  can  be  defined.  It  is  then  necessaxy  to  look  at  all  possible 
mutually  exclusive  ways  of  eneay  success  with  n  weapons.  The  total  probability 
of  enemy  succeaa  la  the  sua  of  the  j^babUitlea  of  the  mutually  exeluaive 
viys.  The  survival  probability  may  be  found  by  .subtraetlag  the  total  enaay 
sueeeaa  probability  from  unity. 


Case  7—  Two  or  more  dependentj  x>on-oyerlapplng  targets 
swb.1ectad  to  aultlple-veapon  attack!. 

In  -{;hle  caaa  each  target  has  a  finite  probability  of  being  hit  by 
any  given  weapon  but  no  weapon  can  hit  aore  than  one  target. 

She  aurvlval  and  eneay  aucoesa  criteria  should  be  defined  aa  was 
done  In  Casa  6.  Ihe  Individual  single-shot  hit  probabilities,  N,  should  be 
detemlned  by  plotting  the  configuration  on  the  Gaussian  Distribution  Chart. 
Ihe  probabilities  can  then  be  found.  Vor  exmple,  if  there  are  three 
targets  A,  B,  cvnd  C  for  which  the  single-shot  hit  probabilities  are  N.,  N., 
and  Bq,  the  following  are  typical  hit  probabilities  which  can  be  fomed:  ^ 


n 

Frob.-  of  only  A 
being  hit 

Rrob.  of  A  and  B 
being  hit  but  not  C 

Frob.  of  all  three 
being  hit 

1 

»A 

0 

0 

2 

2.'(B^)(1-1I3-HqJ 

0 

3 

3.’(V(V^*C^ 

4 

If  the  targets  have  equal  probabilities  of  being  hit,  l.e., 

■  the  above  xelationships  becone  more  sloq^le* 

Case  8 — Two  or  aore  Independent  non-overlapplng  taraata 
subjected  to  multlple-weiipon  attacks. 

Di  this  case  each  target  has  a  finite  chance  of  being  hit  only  by 
the  weapon  directed  at  It  (or  at  a  nearby  D6Z).  Other  targets  have  a  sero 
probablll'ty  of  being  hit  by  this  weapon.  Ibe  qxiantlty  n  is  therefore  used  to 
desl0uite  the  number  of  weapons  which  have  a  possibility  of  hitting  a  given 
target,  and  it  is  further  assuaeu  that  n  is  the  sane  for  all  targets.  Ih 
other  words.  If  there  are  m  targets  and  n  weapons  are  launched  at  each,  the 
total  xnimber  of  weapons  Is  on. 

If  m  targets  each  have  a  survival  probability  against  a  slngls 
attack  and  If  n  weapons  are  launched  against  each  of  them,  the  following 

relatloxis  hold: 


»**"b 
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Survival 

Number  of  Targets 

Probabilities 

a  ■  1 

ffi  a  2 

m  ■  3 

m  «  4 

Prob.  of  none 
surviving  n  attacks 

W 

(l-lSj) 

(1-1^)- 

Prob.  of  one 
siuviving  n  attacks 

W 

Prob.  of  tvo  sur¬ 
viving  n  attacks 

W 

p2n 

1®3. 

Prob.  of  three  sur¬ 
viving  n  attacks 

W 

g3n 

1^ 

Prob.  of  four  sur¬ 
viving  n  attacks 

W 

8**“ 

A 

It  Is  seen  that  the  probahility  expressloos  la  anor  eolvon  under  a 
value  of  o  are  terns  In  the  eapscslon  of  the  blnonlnal  e^gpression^ 

Kx  - 


and  also  that  the  snn  of  the  terns  in  this  expansion  total  unity.  Vhrther 
the  sunnatlons  of  terns  starting  vith  the  last^  then  the  last  plus  the  next 
to  last,  etc.,  give  the  probabilities  of  n  surviving;,  at  least  (a  •  l)  surviving, 
etc.  This  reverse  swaation  can  be  ea^ressed  nathenatically  as: 


idiere  is  the  probability  that  at  least  r  out  of  n  targets,  each  vith 
single-shot  survival  probability  survive  n  attacks,  a  is  a  stn- 

nation  index,  n  is  the  sane  for  each  target  and  can  be  any  Integer,  one  or 
greater. 
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2.5  EFFECTS  OIHER  GHAIJ  BLAST 


2.5*1  Initial  Nuclear  Radiation.  During  the  first  fev  tens  of 
seconds  following  a  nuclear  burst,  laige  intf^nsltles  of  gamma  and  neutron 
radiation  are  produced.  Varlovjs  components  of  weapons  systems  and  equipment, 
as  well  as  personnel,  are  vulnerable  to  these  effects.  It  may  become  im¬ 
portant  in  target  analysis  to  determine  the  expected  level  or  dosage  at  a 
particular  location. 

Figure  2-8  is  a  plot  of  weapon  yield  versus  range  for  various  levels 
of  total  initial  gamma  uOoagc.  Ttesc-  curves  were  ebtained  frojs  feaa-Haa ' 
talned  In  Bef.  17.  It  should  be  noted  that  the  gamma  dosage  does  not  scale 
simply  with  yield  since  the  fission-produced  gamma  dosage  from  megaton  yield 
shots  is  affected  by  hydrodj'namic  motions  and  cloud  rise. 

Figure  2-9  is  a  plot  of  veapw:  yield  versvis  range  fur  various  levels 
of  neutron  flux.  These  curves  can  be  computed  from  Ref.  17,  also.  Figures 
2-8  and  2-9  are  used  in  a  manner  analogous  to  Fig.  2-7  (Weapon  Yield  vs. 

Range  vs.  Overpressure)  in  determining  a  vulnerability  radl'os,  R  .  (For 
radiation  the  vulnerability  radius  will  also  be  referred  to  as  lj(e  "lethal 
Range."}  Once  the  value  of  R^  has  been  found,  the  computation  of  probabilities 
can  be  made  as  was  done  for  overpressures.  These  calculations  can  be  extended 
to  consider  multiple -weapon  attacks  as  was  done  with  the  case  of  overpressiire 
probabilities . 


2.5*2  Fallout.  All  of  the  foregoing  analyses  pertain  to  effects 
of  blast  and  related  initial  radiation.  In  order  to  determine  the  fa*  lout 
intensity,  reference  must  be  made  to  ENW  or  CAW,  (Refs.  1  and  2)  vhlcli  permit 
determination  of  intensity  and  total  dose  for  a  set  of  assumed  geographic  and 
wind  conditions.  Tb  determine  the  probability  of  occurrence  of  these  condl** 
tlons  It  is  necessary  to  consider  the  Incidence  of  winds  at  different  times 
of  the  year.  For  purposes  of  this  document,  analysis  will  be  made  on  the 
basis  of  a  burst  In  an  upwind  direction  from  the  facill'ty  at  a  distance  con¬ 
sistent  with  the  design  overpressure  and  weapon  yield.  This  approach  Is  a 
departure  in  principle  from  that  ulscussed  previously  for  blast  and  prompt 
radiation  aince  It  considers  the  worst  case  rather  than  specific  probabilities. 
However,  In  general,  protection  against  fallout  will  not  be  critical  in 
design. 


The  cumulative  fallout  in  residue^,  gaorna  radiation  can  be  determined 
for  locations  downwind  from  DGZ  hy  use  of  Figs.  2-10  and  2-11.  The  downwind 
situation  Is  taken  since  it  is  the  most  severe  condition  for  design.  Figure  2-10 
gives  values  of  One -Hour  Reference  Bose  Bates  for  various  weapon  ^'icldj  and 
distances  for  a  15*knot  scaling  wind.  The  values  of  Dosage  Rates  can  be 
multiplied  by  factors  shown  on  Fig.  2-10  for  other  wind  velocities. 

The  time  of  arrival  at  the  fallout  site  is  obtained  ly  dividing  the 
distance  by  the  wind  velocity.  The  ctsaulatlve  fallout  occurring  at  the  site 
between  the  arrival  time  and  any  desired  tine  is  obtained  from  Fig.  2-11. 

Enter  with  both  values  of  tine  and  read  from  the  ordinate  scale  the  two  values 
of  the  ratio  of  Total  Bose  R  to  the  One-BOur  Reference  Dose  Rate.  Ihe  dif¬ 
ference  between  these  two  ratio  values  multiplied  by  the  One -Hour  Reference 
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Dose  Rate,  previously  obtained  frcMn  Fig.  2-10  gives  the  total  fallout  dose  in 
the  Interval  .between  the  two  time  entries. 

2.^.3  Ground  Stock.  In  certain  situations  involving  below-ground 
facilities  the  critical  effect  of  nuclear  attack  may  be  the  ground  shock 
ing^ted  to  the  stzTicture  or  its  contents.  As  e:q>lained  in  SECTION  ^  this 
ground  shock  is  a  function  of  geometry,  geology,  and  weapon  parameters.  The 
characteristic  accelerations,  velocities,  and  displacements  in  the  earth  at 
the  point  of  Interest  can  be  predicted  by  the  methods  of  SECTION  5.  The 
occurrence  of  a  .v..*  . 

correlated  with  the  e^qwcted  we/ipon  and  with  a  peak  side -on  ovexpressure  at 
some  point  at  the  ground  surface.  The  probability  of  the  ground  shock 
occurrence  can  then  be  taken  to  be  the  same  as  the  probability  that  the  related 
overpressure  will  occur  at  the  point  on  the  ground  surface.  The  latter  proba¬ 
bility  can  be  found  by  the  methods  cf  this  section. 

2.$.k  Tbemal  Comaiderations.  The  effects  of  thermal  radiation 
are  normally  not  the  governing  criteria  in  structural  target  analysis.  However, 
it  is  important  to  know  the  thexval  levels  at  various  distances  from  a  weapon 
detonation  since  any  aboveground  e]q>osed  ventilators,  doors,  etc.,  might  be 
vulnerable.  Figure  2-12  shows  the  thermal  radiation  received  at  various  dis¬ 
tances  per  unit  cures  exgposed  at  normal  incidence  for  several  weapon  yields. 
Since  this  is  a  function  of  the  atmospheric  conditions,  the  data  shown  are 
selected  for  a  visibility  of  50  miles.  This  is  an  optimum  situation  for 
thermal  radiation.  Vulnerabilities  are  discussed  in  SBCTIOH  4. 

2.5<5  Biological  and  Chemical  Agents.  It  is  assumed  that  any 
facility  which  is  a  target  or  within  blast  effect  distance  of  a  target  may 
also  be  subjected  to  biological  and  chemical  agents.  Appropriate  protection 
by  filtration  and  secd.lng  of  the  structure  is  required. 


2.6  DISPERSAL 

2.6.1  Detexmlnation  of  Siting.  The  distance  from  DGZ  required  in 
order  to  reduce  blast  or  fallout  hazard  is  determine**,  by  the  methods  described 
in  Para.  2.4. 

2.6.2  General  Considerations.  When  new  sites  are  being  co/:6idered 
the  following  conditions  should  be  effected  if  possible: 

If  the  new  installation  itself  is  a  recognized  target,  it  must 
be  located  away  fr<»n  centers  of  population,  if  it  is  possible  to  do 
so.  A  rule  of  thumb  which  may  be  used  is  to  so  locate  the  new  installation 
that  a  circle  of  60-mlle  radius,  centered  bn  a  point  40  miles  in  the  known 
prevailing  downwind  direction  from  the  site  (or  due  East  if  this  direction 
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not  know),  will  not  contain  centers  of  population  of  more  than  $0,000  people. 
Mare  refined  analyses  nay  be  used  based  on  projections  of  probable  f€aiout 
patterns,  should  this  rule  of  thumb  be  Impracticable  to  apply. 


2.7  SUMMKFION 

After  completion  of  the  target  analysis  one  of  the  three  following 
conditions  will  prevail: 

- -  A  flm  level  of  protection  will  have  been  established  to 

meet  the  desired  survival  requirement. 

b*  A  compromise  level  of  protection  will  have  been  adopted 
with  appropriate  emves  shoving  relationship  of  level  of  protection  to  survival. 
Ihese  will  be  carried  on  to  the  nejct  step  In  the  review  prccoss. 

c.  It  will  have  been  concluded  that  ’hardening”  Is  not 
feasible  as  a  means  of  protection. 


2.8  muanuaivE  bcampzzs 


Ihe  following  Illustrations  show  the  application  of  Procedure  B  to 
the  el£^t  eases  presented  In  Para.  2.^.4  and  Para.  2.U.6. 

2.8.1  1  (Case  l) 

A  single  facility  la  to  be  built.  It  Is  cozisldered  Important 
enoufi^  to  be  a  target  Itself  and  Is  thus  assumed  to  1«  at  the  BGZ.  She  ex¬ 
pected  attack  Is  by  one  10  NT  weapon  delivered  with  a  C3SP  of  20,000  ft.  She 
desired  single-shot  survival  probability  is  Find  lie  hardness  required 

for  the  structure. 


nrom  Eq.  (2-l) 


(a)  Analytical  Solution. 

v2 


iH 

0.90 


0.5<V<®')‘ 
7,800  ft. 


From  Fig. 


For  R . 


7.8  thousand  ft.  and  V  a  lO  KF 


Graphical  Solution.  A  hit  probability  of  0.10  la 
obtained  by  subtracting  S  from  unity.  From  Fig.  r?-6  It  la  seen  that  K-0.10 
for  a  circle  having  a  radius  Ry  slightly  greater  than  the  second  ring,  Ihis 
distance  Is  approximately  0.4  CEP;  therefore  »  (0.4)(»),000  ft.)  -  8,000  ft 

Entering  Fig.  2-7  with  W  =  10  MT  and  «  8,000  ft.,  a  value  of  90  nai  la 
obtained. 

(c)  Solution  using  Fig."  Cince  tlie  desired  aurvival 

probability  is  90^,  there  must  be  a  9036  probability  that  the  overpressure  will 
not  exceed  the  hardness  of  the  structure.  Conversely,  there  nntst  be  a  lOjt 
probability  that  the  overpressure  will  be  equal  to  or  greater  than  the  hard¬ 
ness  of  tne  structure.  Hie  entering  values  for  Fig.  2-15  are:  CEP  ■  20.000  .'t., 
distance  ffoa  EGZ  -  0,  W  -  10  MT,  Prob.  -  0.10.  It  Is  seen  that  this  problem 
does  not  fall  within  the  range  of  values  of  Fig.  ::  15  and  therefore  cannot 
be  solved  by  this  method. 

2.8.2  Exanple  2  (Case  2).  A-slngle  fa-illty  la  to  be  built 
10,000  ft.  from  a  known  DGZ.  Hie  facility  Itself  is  not  considered  sufficient¬ 
ly  Important  to  cause  an  enemy  to  change  the  DGZ.  Hie  expected  attack  la  by 
one  8  MT  weapon  delivered  with  a  CEP  of  6OOO  ft.  Hie  dealrad  survival  proba¬ 
bility  is  80^.  Find  the  required  degree  of  hardness  for  the  faclll-ty. 

(a)  AnalvtlcaJ.  Solution.  Hiis  problem  could  be  solved 
by  using  Eq.  (2-2).  However,  the  ratio  of  l/CEP  here  is  I.67  and  Eq.  (2-2) 
becomes  inaccurate  for  l/CEP  >  1.  Hierefore,  the  analytical  solution  Is  xK>t 
preferred. 


(b)  Graphical  Solution.  Solution  by  plotting  In  Fig.  2-6 
would  be  possible  by  trial  and  error.  It  is  necessary  to  find  the  radius 
required  for  a  circle  which:  l)  has  its  center  a  distance  l/CEP  from  the 
center  of  the  plot,  and  2)  has  an  area  which  Includes  ’’squares"  bavlxig  a 
value  of  0.20*  Having  foui'd  R^,  Pig.  2-7  can  be  entered  to  find  the  level  of 
h'u^enlug.  Fbr  this  sltuaplon  the  Fig.  2-15  solution  Is  simpler  and  more 
direct. 


(c )  Solution  using  Fig.  2-35  (Surface).  Entering  the 
nomograph  with  the  proper  values  of  W,  CEP,  and  "the  value  of  p  ■  100  pel 
can  be  read. 

2.0.5  Example  3  (Case  3).  Two  facilities,  A  and  B,  are  10,000  ft. 
apart  and  Facin'^  A  is  at  the  DGZ.  The  expected  attack  is  by  one  22  NT 
weaijon  delivered  with  a  CEP  of  20,000  ft.  If  Facility  A  io  hardened  to 
85  psl  and  Facility  B  is  hardened  to  20  pal,  what  are  the  probabilities  sf 
e.aeh  to  survive,  of  both  to  survive,  and  ct‘  neither  to  sv.:vi  v. 

From  Fig.  2-7 

For  A  ■  8,000  ft. 

r^CEP  -0.4 

For  B  Ry  ■  16,000  ft. 

RyCEP  -  0.8 
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Plotting  on  the  Gaussian  Distribution  Chart  (See  Fig.  P-13),  the  following 
numbers  of  "squares'*  are  counted: 

■  O.ICX)  (one  hundred  "squares"  of  value  O.OOl) 
m  0.300  (three. hundred  "squares"  of  value  O.OOl) 
"squares""  of  value  O.OOl) 

Probability  that  A  will  sxa*vlvfe 

-  1  -  0.100  «  0.900  or  9&i 
Probability  that  B  will  survive 

-  1  -  0.300  «  0.700  or  70i 
Probability  that  both  vill  siurvive 

-  1  -  (0.100  +  0.300  -  0.087)  «  0.687  or  69i 

Probability  that  neither  vlll  survive 

«  0.087  or  6.7i 

2.8.4  Example  4  (Case  4).  Three  facilities.  A,  B,  and  C  arc 
located  with  respect  to  the  DGZ  so  that  for  a  single  veapon  attack  assumed 
facility  A  has  a  survival  probability  of  90^,  Facility  B  has  a  survival 
probability  of  and  FacUl-^  C  has  a  survival  probability  of  7^*  What 
are  the  probabilities  of  either  A  or  B  being  hit,  either  B  or  C,  any  one  of 
the  threet 

The  hit  probabll 1  /les  are 

«  1  -  0.90  »  0.10 
Hg  «  1  -  0.65  -  0.35 
Hj,  -  1  -  0.75  -  0.25 

Probability  of  either  A  or  B  being  hit 

®A  or  B  “  ^ 

Probability  of  either  B  or  C  being  hit 

Hfi  or  c  '  0.25  -  0.60  or  605i 

Probability  of  any  one  being  hit 

•  0.10  +  0.35  ♦  0.25  ■  0.70  or  22^ 
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®A,B  or  C 


i-v,  /*®‘n  ®  racllity  Is  located  10,000  fo.  from 
the  IXJZ  of  an  0  MT  weapon,  and  assuming  a  CEP  of  20,000  ft.,  what  design  pres¬ 
sure  level  is  required  to  achieve  a  survival  probability  of  90%? 

Solving  Eq.  (2.2)  for 


r  5  1  ,  , 

0.45  CEP  |^(g|p)  +'3[  (1  - 


8,860  ft. 


From  Pig.  2-Yi  d  55  pal 

What  Is  the  survival  probability  for  this  facility  If  a  total  of  three  identical 
attacks  were  nadet 

^Sj,  «  (0.90)^  -  0.729  or  ‘73^ 

What  design  pressure  level  is  required  to  achieve  a  90%  survival  probability 
from  the  three  attacks? 

0.90  - 

«  0.966 

Substituting  0.966  for  in  Eq.  (2.2); 

Ry  »  5180  ft. 


From  Fig. 


P  ~  220 
so  — 


2.8.6  Example  6  (Case  6).  Three  similar  installations.  A,  B, 
and  C  are  each  hardened  to  12  psl  and  located  so  that  they  form  the  vertices 
of  an  equilateral  triangle  5000  ft.  on  a  side.  The  estimated  attack  is 
from  one  or  more  100  KT  weapons  each  with  a  CEP  of  10,000  ft.  The  SQ2  is 
not  known  but  it  is  assumed  that  all  weapons  delivered  will  use  the  same 
DGZ  since  the  facilities  are  close  together.  Find:  the  probability  that 
all  will  survive  if  attacks;  the  probability  that  both  A  and  B  will  survive 
If  attacks;  the  probability  that  A  will  sxirvive  4  attacks;  the  probability 
that  at  least  one  will  be  a  hit. 


From  Fig.  2-7  using  12  psi  and  100  KT 

Ry  ••  4150  ft.  (for  each  target) 

V'®’  • 

If  the  three  installations  are  plotted  to  the  scale  of  the  CEP 
on  a  transparent  overlay  and  the  overlay  placed  on  the  Gaussian  Distribution 
Chart  (Fig.  2-6)  it  is  found  that  the  OOZ  can  be  anywhere  within  the  triangle 
farmed  by  the  three  Installations  without  changing  significantly  their  survival 
probabilities.  Therefore,  for  ease  of  eosiputatlon  the  OQZ  is  taken  at  the 
gBOSMtrlcal  center  of  the  triangle  (Fig.  2-14). 
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Ihe  following  single -shot  jsjobabilltico  are  obtained  by  counting 

"squares": 


Only  Aj  «  0.0r>; 
Only  L,  Uj.  -  0.06:, 
Only  C,  •  0.06; 
A+B,  »  C.016 
B+C,  «  0.016 
A+C,  *■•  0.016 
A+B+C.  »  0.  )1S 
A  conplete  mics  =  1 

«  1 


[(  3)(0.06:J)  -  (i)C0.0l6)  +  0.015  j 
0.156  »  O.ObU 


Probability  that  all  will  sm'vive  fa  attacks 

»  (0.8U4)^  «  0.514  or  51* 

Probability  that  A  and  B  will  survive  k  attacks 

4®A+B  “  {  ^  "  I  -  (0.016) jj.  -  0.669 

Probability  that  A  will  stavlve  4  attacks 

)4 

-  |l  -  I0.065jj-  0.771  or  77* 

Probability  that  at  least  one  will  be  hit 

-  (1  -  0.514)  »  O.lifio  or  49* 


or  67* 


2.8.7  Example  7  (Case  7).  Four  Identical  Installations  each 
having  a  value  of  S  of  80^  eire  considered  equally  likely  to  be  attacked. 
They  are  separated  far  enough  to  be  non-overlan’l'^;;,  but  t  ey  are  still 
close  enough!  together  so  that  all  have  a  probability  of  being  hit  tdien  one 
of  then  Is  the  DOZ.  It  Is  an''u3ied  laat  more  than  one  attack  will  be 
launched  slmultaneoxxsly. 

Ihe  8lngle>shot  probabilities  have  been  dct»rjiice.*  to  be  as 

follows: 


A. 

A 

A 

A 

A 

Is 

OGZ 

0.20 

0.05 

0.04 

0.04 

B 

Is 

BGZ 

O.05 

0.20 

0.10 

0.01 

C 

Is 

DOZ 

0.04 

0.10 

0.20 

0.08 

D 

Is 

DGZ 

0.04 

0.01 

0.08 

0.20 
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Find  the  6ia*vi/al  probabilities  at  the  end  of  5  attocts  ci  a  single  LCZ. 
Probabiiity  tbit  none  survive  (all  are  hit) 


If  A  is  the  IXIZ 
If  fi  is  the  DGZ 
If  C  is  the  DGZ 
If  D  is  the  DGZ 


5.' (0.£O)(0.0S)(u.0U)(o.0l4)(l)  -  Approx,  zero 
5.’(0.0;)(0.20)(0.10)(0.0l)(l)  -  Approx,  zero 
5i (0.0'4)(o.10)(0.20)(o.08)(i)  •»  Approx,  zero 
5.'(0.04)(o.01)(o.08)(0.20)(i)  »  Approx,  zero 


Survival  probability  of  A  if  four  simultaneovs  attacks  are  launched,  one 
aimed  at  each  installation 


-  [1  -  (0.20  +  0.05  +  0.04  +  0.04)] 

=  1  -  0.33  “  0.67  or  67i 

Survival  probability  of  A  if  tvo  vavas  of  lour  simultaneous  attacks  are 
launched  (each  installation  has  tvo  weapons  direct^  at  it) 

»  (0.67)^  -  0.446  or  4ai 

If  A  is  the  DGZ  for  three  single  attacks.  vheX  is  the  prob^llity  that 
A  and  B  vlll  be  hit  but  not  C  (D  mav  or  mav  not  be  hit J 

3®*fB  -  5-’  (VCfiXl  -  Hj) 

.  6(0.ao)(0.05)(0.96)  .  0.0576  or  ^ 

If  A  is  the  DGZ  for  three  single  attacks,  vhat  is  the  probability  that 
only  A  v'.ll  be  hit 

-  “a  -  "b  -  "c  - 

+  ^  -  "b  ■  "c  ■ 

«  0.36  or 

2.8.8  Example  8  (Case  8).  Four  Identlca"  installations  each 
having  a  value  of  of  G0?»  are  considered  equally  likely  to  be  attacked. 
They  arc  separated*^ fib*  onou^  be  ccnaidcred  independent  targets^  end 
are  of  course  non^over lapping.  It  is  probable  that  more  than  one  attack 
will  be  latinched  either  slmultaneoas^y  or  in  Bequecce,  but  it  aso'uaed 
that  an  equal  mmber  of  veapons  will  be  directed  at  cs-  b  oa'  u-.e 
installations. 

Find  the  survival  probabilities  at  the  end  of  five  simultaneous  attacks  of 
each. 
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BLAST  AID  FAUtOOT  PSOBABlLiriES  FOR  A  SEUBCTED  INSTALIATION 


FIG  Z-5  SINGLE  ATTACK  SURVIVAL  PROBABILITY  VERSUS 
VULNERABILITY  RADIUS  FOR  SINGLE  TARGET 
WHICH  IS  AIMING  POINT. 
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I 
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FIG.  2-6 


PLOT  OF  CELLS  OF  EQUAL  PROBABILITY 
FOR  CIRCULAR  GAUSSIAN  DISTRIBUTION 


i 


1 


100  MTi 


FIG.  2-7  WEAPON  YIELD  VERSUS  VULNERA8 
RADIUS  FOR  VARIOUS  SIDE-ON  OV 
AT  GROUND  LEVEL  SURFACE  BURS 
SEA  LEVEL. 


WMpon  Yield 


FIG.  2-8  WEAPON  YIELD  VERSUS  VULNERABILITY 
RADIUS  FOR  VARIOUS  LEVELS  OF 
INITIAL  GAMMA  RADIATION  —  SURFACE 
BURST 


R  (Thoutandt  Of  Fact) 


FIG.  2>9  WEAPON  YIELD  VERSUS  VULNERAdlLITY 
RADIUS  FOR  VARIOUS  LEVELS  OF 
NEUTRON  FLUX 


W«opon  Yitid 


Nota  ;  At  Crosswind  Oistonces  Corresponding  To  The  3000  r/hr 
Downwind  Distances,  The  Fotlout  Is  Less  T^  '^n  10  r/hr 


m 

A. 

ft 
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FIG  2-10  WEAPON  YIELD  VERSUS  DOWNWIND 
DISTANCE  FOR  VARIOUS  LEVELS 
OF  FALLOUT  INTENSITY  (  I  HOUR 
REFERENCE  DOSE) 


•e«t  oee.'M-M*T  ^1 


Tinit  Afttr  CipletiOfi  (Hcwu/ 


ACCUMULATED  TOTAL  DOSE  OF  RESIDUAL  i 
RADIATION  FROM  FISSION  PRODUCTS 
FROM  I  MINUTE  AFTER  THE  EXPLOSION  i 


Wcopon  Yi«ld 


FIG.  2-12  WEAPON  YIELD  VERSUS  VULNERABILITY 
RADIUS  FOR  VARIOUS  LEVELS  OF 
THERMAL  RADIATION  EXPOSURE  — 

SURFACE  BURST .  VISIBILITY  •  50  MILES  I 


CELLS  OF  EQUAL  PROBABtLITY 

(M  tMMja  IMWa  MMMM) 
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2-19  SOLUTION  OF  EXAMPLE  9 


to 


FIG.  2-14  SOLUTION  OF  EXAMPLE  6 
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$.1  introduction 

$.2  Structural  Design  sad  Revlev 

5*3  Design  Loadings  for  Silos  and  Tunnels 

3.4  Barth  Shock  and  Shock  MoiTitlns 

3*3  Buclcsr  Sadiution 

3*6  Ihenial  Badiation 

3*7  t^ili^  Systems 

3*8  Costa 

3.9  Shock  Attenuation  in  Tunnels  and  Ducts 


SECTION  5.  EESICN  /iNAUfSIS 


5.1  IHTRODUCTIOH 

5»1«1  Structxiral  and  Envlronmenttil  Conalderatlons.  In  planning  a 
facility  t:.  xeslat  the  effects  of  nuclear  ve^pons,  consideration  must  be  given 
-CO  the  following  factors:  (l)  the  imsedlate  nuclear  and  thermal  radiation; 

{2)  the  shock  transmitted  through  the  ground;  (3)  the  air  blast  forces; 

(4)  the  radiation  from  fallout  and  the  Induced  radiation  resulting  from  ine 
immediate  neutron  effects  on  materials. 

Ihe  levels  of  radiation  Intensity  and  of  shock  and  blast  vhlch  an 
installation  must  resist  depend  on  a  nmber  of  factors  over  vhlch  the  designer 
has  no  control.  These  Include:  Ihe  size  of  weapon  and  the  distance  from  the 
t«u.got  at  which  it  is  detonated^  or  the  overpree5'"re  level  ‘Jhlch  is  produced 
at  the  Installation  by  the  weapon  considered;  the  number  of  weapons  which  are 
successfully  detonated  in  the  vlclnl-ty  of  the  installation;  and  the  over-all 
pattern  of  the  attack,  vhlch  may  bring  residual  radiation  from  fallout  to  a 
target  idilch  Is  not  near  any  nuclear  burst.  Tb  contend  against  these  factors 
one  may  select  the  ground  environment,  the  structural  mass  and  strength  of  the 
elements  of  his  Installation,  and  the  arrangement  and  multiplicity  or  dupli¬ 
cation  of  the  elements  in  a  pattern  vhlch  vUl  give  the  necessary  probability 
of  survival.  These  factors  Influence  the  effects  of  the  bluet  and  radiation 
on  the  structure. 

In  the  light  of  the  discussions  in  SECTION  1  and  SECTION  ^  conditions 
are  chosen  vhlch  the  structure  must  resist  to  give  the  appropriate  probability 
of  survival  consistent  with  the  Importance  of  the  facility.  The  tentative 
first  conclusions  ah  to  the  design  parameters  may  have  to  be  modified  in 
accordance  with  oiieratlonial  .’onslderatlona  aa  described  in  SECTION  3*  Guidance 
for  determining  survival  criteria  for  personnel  and  materiel  may  be  found  in 
SECTION  4.  In  the  light  of  these  various  discussions  a  tentative  selection 
must  finally  be  made  of  the  structural  type  and  of  the  design  parameters, 

^ich  can  be  stated  generally  In  terms  of  the  cverpressure  level  and  the  radia¬ 
tion  Intensity  levels,  both  from  Immediate  and  residual  radiation,  and  the 
level  of  earth  shock,  for  idilch  each  element  of  the  facility  must  be  designed. 
It  is  the  primary  purpose  of  this  chapter  to  descrl'.e  In  deloU  hov  a  design 
can  be  reviewed  to  investigate  Its  suitability  for  the  particular  purpose 
Intended. 


It  will  ordinarily  be  necessary  to  consider  struc^uz  h  of  ^Oteiuatxve 
^pes  and  to  compare  their  relative  costa  in  order  to  ::.uKe  thu  beat  selection 
for  the  particular  item.  some  cases,  particularly  for  very  hl^  probabili¬ 
ties  of  survival,  the  cost  osy  be  correspondingly  large.  In  these  Inatances 
one  may  wish  to  consider  the  possibility  of  reducing  these  costa  hy  a  combuied 
program  of  dispersal  and  hardening  to  a  someidzat  lower  level  to  give  the  same 
piobabillty  of  survival.  The  procedures  described  in  SECTION  2  are  available 
for  this  purpose. 
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Xn  the  >ai'lou3  aspects  of  this  dlscussloa  consideration  is  given  to 
methods  vrtiich  ore  rapid  but  idilch  are  sufficiently  accurate  for  all  practical 
purposes^  consistent  with  the  accuracies  of  the  other  assumptions  entering 
into  the  prc»blem. 

5* 1*2  Structural  Design.  The  purpose  of  this  section  is  to  des¬ 
cribe  the  structiural  resistance  requited,  and  the  methods  for  determining  it, 
for  vsfious  levels  of  overpressure  and  slses  of  •'.u^'icai'  weapons.  For  a 
variety  of  structures  and  structural  elements,  charts  ore  given  for  the  review 
of  the  structure  or  element.  The  resisting  capacities  can  be  determined 
''Iructly  when  a  span  or  other  controUiirg  dimensions  of  a  structure,  the 
structural  materials,  and  the  range  in  the  behanrlor  of  the  structure  for 
which  the  design  Is  to  be  prepared,  are  given.  Illustrative  examples  are 
given  of  the  use  of  the  charts. 

In  unusual  cases  for  which  charts  ar**  not  given,  the  procedures  In 
APPE1<IDIX  3D  may  be  followed.  In  gensral,  consideration  must  be  given  to 
Insure  resistance  against  overturning  and  sliding  of  abovegi-uimd  structures. 

5.1.3  Wechanical.  Electrical  and  Utili'^  Design.  In  a  hardened 
facility,  the  mechanical,  electrical  and  other  utilities  equipment  is  con¬ 
ventional  in  design  althoxigh  there  may  be  requirements  for  its  shock  mounting 
(See  Para.  4.3).  In  general  the  principal  difference  In  this  equipment  Is 
in  the  nature  and  size  of  locuis  Imposed  by  the  hardened  environment  (particu¬ 
larly  during  buttoned -up  periods)  and  the  correapondlng  alze  of  the  equipment. 
These  are  discussed  In  Para.  3*7* 


3.2  STRUCTURAL  lESIGR  AND  REVIEW 

5.2.1  Selection  of  Deslan  Parameters.  Design  charts  are  given  in 
APPENDIX  SA  which  may  be  used  to  determine  the  approximate  size  required  for 
various  structural  elements  <.uch  as  slabs,  beams,  arches,  domes,  colxmms, 
footings,  or  frames  for  any  level  of  overpressure.  Use  or  these  charts  re¬ 
quires  the  definition  of  several  parameters.  These  parameters  are  discussed 
briefly  in  this  section. 

The  charts  msy  be  used  to  determine  the  resistance  of  elements  of 
a  given  size  In  terms  of  the  overpressure  which  would  produce  the  desired 
degree  of  perms'  snt  deflection  of  such  elements.  li  lu  assumed  that  the  type 
and  geometry  of  the  structiirc  or  structural  clement  has  previously  been 
determined,  ttoat  of  the  data  are  given  In  teims  of  the  maxlmim;  pressiure  p^ 
to  which  the  element  Is  subjected.  This  Is  the  peak  side-on  overpiccEure 
for  abcvegrovuid  roofs,  the  peak  pressiU'e  attenuated  with  depi^  -.clow  ground 
sxirface  for  buried  structures  or  the  reflected  pressure  for  abc'/eground  slabs 
or  walls.  In  all  cases  the  charts  Incl'jde  the  effect  of  rapid  application 
of  load.  Thiis,  the  resistances  given  are  dynamic  rather  than  static.  The 
relation  of  the  reflected  pressure  p  to  the  peak  side-on  overpressure  p 
is  given  in  Eq.  (5D-I)  in  APPENDIX  5D- 
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Ihe  attenuation  wltik  depth  of  the  vertical  pressures  on  horizontal 
surfaces  below  ground  can  be  obtained  from  iiq.  since  the  attenuation 

of  overpressure  with  depth  Is  of  the  same  natiire  and  magnitude  os  the 
attenuation  of  vertical  velocity  with  depth.  Factors  for  the  horizcntal  i>res- 
cure  on  vertical  surfaces  below  ground  are  given  In  Para. 

Ihe  loads  acting  on  underground  silos  and  tunnels  are  discussed  In 

Para.  5*3« 


The  charts  for  aboveground  building  frames,  arches,  and  domes  are 
riven  In  terms  of  the  peak  side -on  overpressure  p  Instead  of  the  maxlnum 
pressure  p  .  These  charts  take  into  account  the  reflected  pressure  and  the 
duration  implicitly. 

Ail  charts  are  based  on  the  assumption  that  the  duration  of  the 
positive  overpressure  phase  Is  long  compered  with  the  natural  period  of  vibra¬ 
tion  of  the  element.  For  the  stznicturnl  forms  considered  this  Involves  little 
error  for  megaton  size  weapons.  For  smaller  weapons  the  charts  would  give 
conservative  results  but  normally  the  error  would  not  be  serious.  Other 
approximations  are  made  In  certain  of  the  charts  (see  Para.  snd  more 

refined  methods  idilch  may  be  necessary  In  some  cases  mey  be  applied  by  use 
of  the  general  fundamental  relations  given  In  APPENDIX  end  APPENDIX 

All  of  the  charts  are  concerned  with  the  required  structure! 
resistance  and  do  not  consider  the  requirements  for  radiation  protection, 

^Ich  subject  Is  treated  In  Para. 


In  order  to  determine  the  required  size  of  elements.  It  Is  necessary 
to  use  the  dynamic  strengths  of  the  materials^  for  example  f^  ,  the  dynamic 
compressive  strength  of  concrete,  and  f^^,  the  dyxMmle  yield  strength  of  steel. 


The  magnitudes  of  these  dyxumlc  strengths,  taking  Into  account  Increase  In 
strength  due  to  the  rapid  rate  of  loading,  have  been  Included  In  APPENDIX  ^B. 


In  the  design  of  reinforced  concrete  elements  it  Is  necessary  to 
select  a  steel  percentage.  In  order  to  insure  maxlxium  energy  absorption.  It 
la  reconnended  that  where  possible  no  more  than  ?.  percent  of  flexural  steel 
be  used.  The  net  flexural  steel,  which  Is  the  difi’ei’cnce  between  the  per¬ 
centage  of  steel  on  the  tensile  side  and  that  on  the  compressive  side  of  the 
flexural  member,  should  be  kept  less  than  1.5  percent.  Greater  percentages 
of  flexural  steel  may  give  failures  of  concrete  In  c.mpruaslon  of  a  brittle 
character  with  considerably  less  energy  absorption  tlian  would  be  obtained 
with  a  smaller  percentage  of  steel.  Eewever,  in  unusual  ^ircumctoncca  It  is 
permissible  to  Increase  the  net  percentage  to  approximately  1«C  B'®* 

vlded  that  a  low  ductility  ratio  Is  'isod  in  the  design,  and 
compressive  steel  Is  used.  At  the  other  extreme,  it  Is  imperatlire  that  at 
least  0.25  percent  tensile  reinforcement  be  provided  In  flexural  members, 
lesser  percentsges  of  tensile  steel  ooj'  result  In  brittle  behavior  of  the 
member.  However,  In  unwual  circumstances  the  tensile  steel  percentage  may 
be  reduced  to  2 


5-3 


When  web  relnl’orcement  lo  required  iii  a  flexural  siember  of  reinforced 
cv  ..v.  cte,  at  leaot  0.2?  percent  must  be  provided.  Otiierwice  brittle  behavior 
may  develop.  Because  of  the  tendency  toward  rebound  only  vertical  stirrups 
should  be  couaidered  effective  as  web  reinforcement. 


'Hie  ductility  ratio  is  a  mens ore  of  the  amount  of  plastic  deformation 
V'cnaltted  In  the  member  or  element.  Bie  ductility  ratio,  defined  by  U.e 
LVaabol  W,  Is  the  ratio  of  laoximum  deflection  to  the  elastic  limit  or  yield 
deflection.  Charts  ore  Incluucd  for  values  of  P  of  l.J  and  jJ.O.  The  smaller 
value  of  W  Impllee  only  sli^t  damage  to  the  structure  since  the  permanent 
deflection  is  only  JO  percent  of  the  yield  defloctlon,  and  the  latter  is 
normally  small.  This  value  should  be  used  lu  designs  when  the  functional 
requirements  of  the  elements  do  not  permit  sizable  deflections.  The  smaller 
^'Olue  of  W;  namely  l.J,  Is  used  also  in  the  case  of  compression  elezaents  such 
as  arches  and  domes,  where  it  is  doubtful  that  a  great  deal  of  plastic  deforma¬ 
tion  can  be  mobilized  without  serious  petiiarent  demaso.  TliC  hlc^er  value  of 
J.O  inpllec  larger  immanent  deflections  but  not  collapse  of  the  element  of 
structure. 


Althou^  considerably  larger  values  of  the  ductility  factor  can  be 
used  in  certain  types  of  members,  generally  for  the  long  duration  loadings 
which  are  associated  with  megaton  range  weapons  the  difference  in  the  strengths 
for  a  larger  value  of  W  compared  with  the  strength  for  value  of  W  of  J.O  is 
relatively  small.  Ihe  \ise  of  the  lover  value  of  ductility  factor  takes 
accouiit  of  a  number  of  \incexdisiatle8,  such  as  those  Involved  in  the  estimation 
of  the  properties  of  the  material,  the  neglect  of  hlglier  degrees  of  freedom, 
ihe  precise  shape  of  the  loading  and  unloading  curve,  and  Bimilar  matters. 

In  the  case  of  reinforced  concrete  elements,  charts  are  given  for 
the  various  possible  modes  of  failure  Including  flexure,  pure  shear,  and 
diagonal  tension.  In  such  cases  all  charts  are  read  and  the  most  severe 
failure  criterion  la  used.  The  design  charts  for  shear  and  diagonal  tension 
are  nocessorily  based  largely  on  results  obtained  frem  extensive  teats  of  beams 
ond  slabs  of  normal  propojrtlons;  that  is,  with  depth-span  ratios  Icso  than 
about  0.2.  The  extension  of  these  results  to  cover  much  deei>er  sections  is 
done  with  some  uncertain'^.  However,  a  limited  number  of  very  rerent  tests 
n  deep  reinforced  concrete  besms  indicate  that  the  charts  may  be  somc^at 
renservative.  Uifortunately  no  more  reliable  criteria  are  now  available. 

J.2.2  Structural  Details.  Since  structuzal  demon  to  in  a  hardened 
structure  are  required  to  develop  their  full  plastic  atrengtha,  pai'tlcular 
attention  must  be  paid  to  what  ore  ordinarily  considered  details  as  discussed 
beicv  lor  concrete  ond  steel  construction.  It  Is  emphasized,  huvcvci,  that 
these  jO-called  details  ore  extremely  important  In  developing  •'..uiuuic 
rcsictance. 

Reversals  of  stress  and  reaction  direction  may  occur.  Accordingly, 
unless  otherwise  specified  by  analysis  (see  APPENDIX  JD;  all  members  should 
he  designed  to  have  rebound  strengths  of  at  least  2J  percent  of  the  nonaal 
design  strength  specified  by  the  blast  loadin«:. 
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WliUe  not  strictly  a  structural  detail  it  should  be  noted  toau 
upeclal  core  is  needed  in  aounttng  fixtures  (such  as  lls^tlng  fixtures)  In 
hardened  structures.  Tht  structure  can  be  subjected  to  considerable  aotlcns 
when  subjected  to  an  air  blast  wove  ond  potential  secondary  ulosilea  (even 
plctxires  hanging  on  vails)  should  be  avoided. 

a.  Concrete  Construction.  Reinforced  concrete  Is  an  exceUent 
material  for  hardened  construction.  Oovever,  strict  attention  must  be  paid 
to  details  In  order  to  assure  continuity,  ductility,  ond  resistance  to  loads 
in  either  direction.  Thus  continuity  of  reinforcement  by  ee'equate  lapping  or 
'^elding  la  desirable,  but  veldlng  may  be  difficult  for  certain  steels. 

Diagonal  tension  relnforeoient,  vhlch  usually  la  required  In  hardened  construc¬ 
tion,  generally  should  be  perpondlculai  to  the  member  axis  because  Inclined 
bars  form  planes  of  veakneas  under  the  condition  of  shear  revereal.  In  those 
instances  vhere  Inclined  bars  are  used  to  Increase  the  shear  realstanca, 
addltlonaj.  vertical  bars  should  be  used  to  resist  dir^nol  tension  along  tLe 
planes  of  veakness  (imder  reversea  loading)  formed  by  the  lia^nal  bars. 
Doubly-reinforced  members  vith  the  reinforcing  adequately  tied  have  much  more 
ductility  than  singly  reinforced  members  and  accordingly  offer  great  advantage 
for  hardened  construction.  Jblnts  are  partlciilarly  important.  They  should 
be  detailed  and  fabricated  in  a  vay  idilch  vlll  insure  ductile  behsnrlor  of  the 
completed  eloaent.  Further,  the  ultimate  strength  of  the  least  strong  con¬ 
necting  element  should  be  developed  in  the  Joint,  if  at  all  practicable.  In 
uu  case  shall  the  amount  of  reinforcing  xised  on  axiy  face  of  a  beam  or  slab 
exceed  2  percent  of  the  czx>8s-5ectlonal  area  of  the  element,  in  order  to 
avoid  brittle  behavior.  For  doubly  reinforced  sections  the  reinforcing 
index  q  is  given  by 


q  • 


^  ^dy 


rAierc  p  B  ratio  of  tenal^n-ateel  area  tc  concrete  area,  bd,  and 
ratio  of  conproso  Ion -steel  aren  tc  concrete  area,  bd. 

As  for  singly  reinforced  sections,  an  index  >f  approxlsxately  O.iiO  divides 
xuiderreinforced  (ductile -behavior)  aectlonB  iron  overreinforced  (brittle- 
behavior)  sections.  Overreinforced  members  :.’ail  by  crushing  of  cos^esaion 
concrete  vithout  yielding  of  tension  steel.  Such  failures  occur  vith 
little  or  no  vamlng  and  obviously  are  not  dusirable  particularly  in 
hardened  construction.  Further,  if  other  than  billet  steel  bare  of  structural 
or  intermediate  grade  are  used,  vnvtlvuXar  attention  must  be  paid  to  ovoid 
brittle  behavior. 

When  heavy  concentrations  of  longitudinal  atc>*'l  bara  are  required, 
particularly  in  the  vicinity  of  lap  aplicea,  adequate  transverse  reinforce¬ 
ment  (ties,  stirrqps,  or  simply  transverse  bars)  should  be  provided  to  prevent 
bond  failure  by  splitting  of  -Uie  concrete. 

b.  Steel  Construct  ion.  Steel  also  can  be  used  veiy  ecomoaical- 
iy  for  certain  types  of  hardened  construction.  Arch  or  circular  aectlons  for 
underground  construction,  steel  beams  for  composite  construction, hi|^  stmgth 
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colianns,  and  steel  dooi's  for  personnel  or  equipment  entrances  are  elements 
vhich  may  be  moro  economically  consirucced  of  steel  than  of  reinforced 
concrete. 

Ductility,  continuity,  and  development  of  full  plastic  strengths  at 
Joints  are  cQso  lecoranended  for  steel  construction.  Steel  members  designed 
for  niexlmm  plastic  resistance  sliould  be  able  to  experience  large  deflections 
vithout  reduction  In  load  capacl'ty.  Generally  such  members  vlll  be  stockier 
than  In  conventional  designs.  Hicoimnendatlons  of  proportions  vhich  would 
minimize  or  avoid  buckling  problems  are  given  In  APPENDIX  ^B. 

• 

In  the  design  of  vertical  members  of  continuous  frame  constzniction, 
fixed  column  bases,  if  combined  with  a  suitably  strong  foundation,  will 
Increase  the  plastic  resistance  of  the  entire  frame.  Ih  addition,  if  the 
coliann  top  is  restrained  against  rotation  about  both  axes  by  maabers  that 
frame  In  both  directions,  the  plastic  strength  ''apacities  of  th'*.  column  vU?. 
be  Increased  by  reducing  tendencies  toward  lateral  buckling. 

Connections  should  be  designed  so  that  ductile  behavior  should 
take  place  In  the  member.  In  comer  connections  It  is  particularly  desirable 
to  introduce  diagonal  stiffeners  so  that  indue  shear  yield,  causing  large 
local  angle -change  between  connecting  members,  will  be  prevented.  Similarly, 
connections  for  tension  members  should  develop  the  yield  strength  In  the  main 
body  of  the  member. 

Weldable  steel  should  be  specified  and  welded  Joints  should  provide 
maximum  continuity  of  detail  and  a  minimum  of  local  stress  concentration.  Da 
riveted  and  bolted  Joints,  sheared  edges  and  punched  holes  should  be  avoided  and 
generous  edge  distances  should  be  used. 

5.2.3  Hardened  Doors.  Obe  Intended  function  of  a  hardened  Instal¬ 
lation  may  be  achieved  or  lost  according  to  the  attention  that  is  given  to 
the  doors.  It  cannot  be  overemphasized  that  doors  -  porticulary  large  doors  - 
represent  a  major  structural-mecharlcal  design  probl'nn,  and  that  door  require¬ 
ments  often  may  Influence  the  '^pe  or  proportions  of  the  main  structure. 

Careful  study  of  this  problem  Is  further  necessitated  by  the  fact  that  the 
total  cost  of  a  large  door.  Including  Its  mechanical  and  electrical  components, 
can  represent  a  significant  fraction  of  the  total  cost  of  the  hardened 
Installation.  It  follows  that  door  studies  should  be  initiated  at  the  out^t 
cf  the  over-all  planning  and  design.  As  a  corollary  the  reviewer  of  a  pro¬ 
posed  hardened  Installation  should  scrutinize  the  door  provisions  moat 
carefully. 


It  should  net  be  Inferred  that  evety  door  requires  n  .ctaU 
design  study.  On  the  contrary,  naall  doors,  particularly  thosu  vdileh  are  not 
CO  located  as  to  experience  a?J.  of  the  weapons  effects,  should  be  standerdized 
types  idienever  possible.  Such  smell  doors  occur  frequently  throu^out  the 
field  of  hardened  construction,  end  standardization  Ih  hi^ly  deslrsble  to 
mlnlnize  costs  and  cons'faructlon  delays. 
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Paragraidi  5»2.3»2  is  c<^prlscd  of  a  list  of  functional  requlieacnts 
wftloh  should  be  considered  hy  the  cleBi(pier.  This  list  should 'llkevlse  be 
referred  to  by  the  r«;vlever  In  evalxtatln^  proposed  types  or  arrongesients  of 
doors.  Paragraph  5*2. i®  comprised  of  a  Hot  of  Iraitortant  characterlstlco 
of  the  hardened  door,  vlth  ccxienents  on  the  significance  of  each.  Supplementary 
source  material  Is  provided  by  a  list  of  pertinent  references. 

^.2.^.1  Types  of  Poors.  In  general,  dooro  may  be  classed  in 
accordance  vlth  their  attitude,  either  horizontal,  vertlc^  or  inclined,  and 
vlth  respect  to  t!ielr  method  of  opening,  sliding  or  rolling,  hinged  on  one 
^ide  or  on  both  sides  with  a  Joint,  dowa  the  center.  A  third  method  of  clas¬ 
sification  involves  the  configuration:  Uhetlter  the  dooi  la  flush  with  a 
stirface,  in  a  recess  or  outside  a  surface  vlth  the  edges  exposed. 

There  are  advantages  ai^  dlsadvantaf^r  In  each  of  configuration, 
method  of  opening,  or  attitude.  Horizontal  do^rs  have  the  edvantage  that  ♦hey 
'  are  subjected  only  to  slde-on  overpzessures  Pereas  incllnso.  or  vertical  doors 
may  be  subjected  to  the  much  hlf^er  reflected  pressures.  Cn  the  other  hand, 
horizontal  doors  may  have  to  be  larger  than  vertical  doors  to  provide  entrance 
for  certain  itms  of  equipment  .^r  personnel  slthouj^  they  may  have  advantages 
in  openings  for  missile  silos  where  only  a  vertical  entrance  to  or  exit  from 
the  enclosvcre  Is  needed. 

Sliding  flush  doors  have  certain  advantages  In  mechanical  simplicity 
althou#  some  difficulties  are  presented  vltn  regard  to  the  exposed  Aree  edge. 
Such  a  free  cd^e  la  exposed  to  blast  forces  and  drag  pressures  for  vhieh  pro¬ 
vision  must  be  made  in  the  supports  of  the  door.  Difficulties  are  also 
encountered  In  providing  for  seals  agadnst  blast  pressure  azid  dust.  Provision 
must  be  made  for  removal  of  debris  either  by  the  door  itaelf  as  it  slides 
forward  or  throue^  auxiliary  means,  in  order  to  peznit  opening  of  the  door 
when  the  surrounding  area  is  covered  with  tbs  debris  resulting  from  a  close-in 
bisrst.  Some  of  these  disadvantages  arc  overcome  by  doors  vhich  awing  on 
binges  of  the  single  or  double  leaf  type.  Cv:ch  doors  may  be  made  to  be 
practically  self  cleaning  of  debris,  but  generally  require  aon  careful 
attention  to  detail  in  the  mecaanlcal  arrantrnaents  at  the  hlngea  than  do 
sliding  doors.  Special  provision  miist  be  made  in  double  leaf  doors  for  the 
scaling  of  the  enclosure  vhere  the  free  edge  3  meet.  The  relief  of  the  ilnges 
from  blast  loading  which  is  luoally  neeesoai  /  also  presents  mechanical 
problems  which  con  bo  solved,  althouc^  not  t  imply.  Doors  which  must  regain 
open  for  operations  in  severe  wind  storms  pxesent  cuditional  probleois. 

Flush  sliding  dooro  provide  less  resistance  to  vlx:ds  and  less  turbulence  In 
the  region  of  the  enclosure  then  do  doors  id  ieh  stand  up  In  tbo  wind  stream 
when  they  are  open. 

Vertical  doors  may  also  be  hinged  or  may  oliae.  Sliding  vertical 
doors  are  usually  aupported  at  their  bottom  surface.  Binges  for  vertical 
doors  are  usually  aoat  conveniently  provided  at  the  bottom  so  that  the  door 
•wings  open  as  in  a  drawbridge,  or  at  the  top  lu  idiioh  eaee  the  door  my 
swing  either  outward  or  inward.  However,  heavy  doors  are  difficult  to  swing 
ftrom  hinges  at  the  top  and  to  support  vhan  t^iey  are  closed. 
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In  addition  fcj  tlie  door  types  dlscu«f»'*d  above  there  may  be  other 
luiiisual  types  of  doors  that  offer  special  advantages  for  partlciilar  uses. 

Kor  very  high  overpresstures,  doora  may  be  \iaed  vhlch  are  relatively  thick  and 
slide  into  place  against  a  solid  wall  so  that  the  door  itself  is  not  subjected 
to  hi^i  otrcfises  under  blast  conditions.  When  the  door  is  slid  to  one  side 
liito  f>  pocket,  a  rl^t-angled  entrancevav  is  formed  ^ich  may  be  adequate  for 
personnel  and  for  small  vehicles  but  is  generally  not  capable  of  being 
adequate  for  large  equipment  or  vehicles.  Other  types  of  closures  may  Involve 
plugs  of  rock  or  earth  which  can  be  removed  after  a  blast,  but  not  quickly, 
such  clc Bures  would  not  ordinarily  be  adequate  for  installations  ^ich  require 
a  short  reaction  time.  Other  energy  absorbing  doors  such  ad  doors  involving 
mosuctt  of  water  or  mechanical  energy  eibsorbars  may  find  particular  *uscs.  Im 
general  such  doors  involve  a  gr«at  deal  more  complexity  than  do  almpler  and 
more  rugged  although  possibly  more  massive  doora. 

^.2.3*2  Phnctional  Kecuiremente . 

a.  Existence  of  Alternate  Opextlnas  of  Similar  .'Ametion.  Is  the 
installation  such  that  more  then  one  opening  is  desired  under  day-to-day  or 
attack  condltlonst  If  necessary  can  the  installation  function  after  an  attack 
with  less  than  the  total  number  of  doora  operablet  If  so,  can  alternate 
openings  be  oriented  to  avoid  or  minimize  the  probability  of  full  weapons  effects 
at  all  locations! 

b.  Exposure.  Is  the  opening  at  an  exposed  (l.e.,  surface) 
location  or  is  it  within  a  tunnel  or  other  shielded  locatlonT  In  the  latter 
case  some  weapons  effects  (thermal,  radiation,  reflection  increments  to  shock 
pressure,  dust  end  rubble)  may  not  have  to  be  taken  Into  aceouat  in  the  door 
design. 

c.  Day-to-Dav  Function.  Does  the  door  have  to  operate  fairly 
frequently,  in  day-to-day  functioning  of  the  installationt  Only  Infrequentlyt 
Only  rarely  (as  a  check  on  readiness)! 

d.  Time  Avallaible  for  Operations.  Vhat  is  the  maxiisum  time 
that  can  be  permitted  f }r  door  opening  and  for  door  closing  under  attack 
conditions!  In  cay-lo-day  operations! 

e.  Number  of  Post-Attack  Operations.  Is  it  oxily  required 
thao  the  door  survive  one  attack,  or  must  the  eloslng-r  jrvival-*>penltig  cycle 
be  (Tuoranteed  through  several  successive  attacks! 

f.  Orientation  Reouirements.  Is  the  purpose  of  the  epcstng 
su?h  that  the  door  must  be  horizontSU  Or  rartleal!  Or  can  the  orientatlor 
be  selected  to  minliulze  door  loading  without  *ogard  -to  f^irctionf 

g.  gusceptlbility  of  Ifastallatlon  Contents  to  YactXovm  Weapons 
Effects.  For  the  (human  or  matertol)  contents  of  the  Installation  is  pro- 
teetlon  required  against  sU  attack  effects  (blast,  heat,  radiation,  ehenieal 
and  biological  contamination)!  An  the  contents  insensitive  to  one  or  more 
of  these  effects!  Is  the  ocetirrence  of  one  or  tron  of  these  effects  deemed 
Improbable! 


h.  Bequired  Sl»»  of  Opening.  Altboueh  size  and 

shape  of  opening  are  abvious  cri'teria,  it  oecos  necessary  to  esifihasize  that 
an  underestimate  of  these  requirements  may  impair  the  function,  and  an  over¬ 
estimate  will  needlessly  Increase  costs. 

1.  Operational  Limits  on  Pcsltion  of  Opened  Door.  To  avoid 
interference  with  ox>eratlons  ore  there  liciiiations  on  i>08ition8  of  the  opened 
doorf 


5.2.30  Important  DiK>r  Characteristics. 

a.  Strength  and  Stiffhess.  If  some  plastic  dttformation  can 
be  accepted  this  vUl  reduce  the  strength  required  to  resist  the  given  blast 
pressures.  Ihe  extent  to  idilch  such  defoxnation  can  be  tolerated  depends  not 
only  \ipoa  the  failure  mode  of  the  door  but  also  upon  the  influence  of  distor¬ 
tion  on  subsequent  operation.  In  psrticiaar,  excessive  dlsl/ortlon  may  Jam  the 
door  GO  that  it  cannot  be  opened,  or  cannot  subsequently  be  closed;  may  break 
Joint  r.cola  or  make  a  tight  seal  in  subsequent  clculngs  Impossible. 

It  should  be  noted  that  the  dcor  and  its  cupp>:)rts  may  be  ctibject 
to  force  reversal,  l.e.,  forces  opposite  in  direction  to  t!ie  blast  pressure. 
Such  foi'ces  may  resvilt  from  ground  accelerations  or  trem  elastic  rebound 
of  the  door. 


b.  Welpht.  The  required  thickness  may  be  governed  by  required 
resistance  to  radiation  effects,  in  ^Ich  case  the  weight  may  not  be  subject 
to  measurable  control  by  skillful  structural  design.  Uhen  thickness  is 
mvemed  by  blast  loading,  however,  the  wel^t  may  vary  widely  with  door  form 
(dome,  slab,  etc.),  method  of  support  (full  perimeter,  two-edge,  points,  etc.), 
materials  (steel,  concrete,  or  combination },  and  Internal  structure  (solid, 
cored,  sandwich). 

The  size  and  :ost  of  mechanical  components  of  large  doom 
be  very  sensitive  to  the  weight  of  door  structure.  This  would  be  particularly 
true  in  those  door  for  wlilch  the  (unbalanced)  mass  must  be  lifted.  It 

Is  to  be  noted  that  the  cost  of  mechanical -electrical  components  (trunnions, 
rollers.  Jacks,  power  cylinders,  linkages,  gears,  motors,  tracks,  etc.)  nay 
be  a  large  fraction  of  the  total  cost.  According,  an  Increase  In  cost  of 
door  structure  to  reduce  weight  may  reduce  the  over-all  cost  of  a  large  door. 
In  addition,  reduction  In  weight  of  door  structure  *.cy  ba  significant  In  terms 
of  reduced  power  requirements. 

c.  Shape  of  Bxpowed  Surface.  many  cases  the  nr>«t  appro¬ 
priate  solution  of  the  door  structure  Is  a  flat  slab  of  concr*  •  or  .tcel, 
and  the  major  exposed  surface  Is  a  large  flat  piano.  Tor  more  effective  xise 
of  the  material,  dome  types  also  have  bfon  considered.  In  the  latter  type 
much  of  the  Inherent  strenglh  advantage  niqr  be  lost  because  of  the  more 
severe  loading  associated  with  reflection  and  drag  effects  on  tlvs  dome  surface. 
In  contrast  with  loading  on  the  plane  eurface  of  the  alsib  type.  Thle  dif¬ 
ference  In  loading  is  particularly  proix>unced  when  the  alsib  type  door  Is 
recessed  to  make  Ite  outer  surface  flush  with  the  outer  surface  of  the  main 
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structure.  Bils  anangeoent  lo  particularly  effective  for  horltor.tal  doors 
V vertical  entrance)  designed  for  roelctance  to  the  blast  effects  of  a 
surface  buxvt*  In  this  situation  the  tvo  advantages  achieved  by  a  flush 
surface  (with  adequate  sealing  of  the  perimeter  Joint)  are:  elimination  of 
reflection  effects  In  the  blast  loading;  elljttinatlon  of  forces  In  the  door 
plane  due  to  drag  and  due  to  blast  pressure  on  the  vertical  edg*»s.  When 
the  door  must  be  vertical  (horizontal  entrance)  the  done  shape  is  not  at  a 
disadvantage  >lth  resvect  to  forces  normal  to  the  plane  of  the  protected 
opening;  however,  it  Is  less  satisfactory  than  the  recessed  dab  type  with 
rcspcc\  CO  forces  in  the  plane  of  the  opening. 

d,  Ilagree  of  Froteetlon  Afforded  floor  Mschanlam.  Jfixposed 

p^ts  of  a  door  mechanism  msy  be  damaged,  and  the  door  rei^ered  inoperable  by 
heat,  fra^ient  missiles,  rubble,  or  dust.  Whether  one  or  more  of  these  hazards 
must  be  considered  depends  upon  door  location  (at  surface  or  well  within  a 
tunnel  or  other  shielding),  nature  of  adjacent  terrain  surface,  proximity  to 
other  buildings  or  equipment  ^icu  furnish  fragment  missiles,  and  asstmtei 

weapou  size  and  pGZ. 

When  these  hazards  are  present  preference  should  be  given  to 
designs  ^Ich  place  all  of  the  door  mechanism  within  the  protected  space.  In 
general  such  complete  protection  is  feasible.  In  the  rare  case  of  doors  so 
enormous  that  a  practical  method  of  operation  must  involve  rolling  on  exterior 
tracks  the  protection  of  these  elements  may  be  a  major  problem.  Fortunately 
this  situation  will  occur  only  rarely.  If  ever. 

Protection  of  the  door  mechanism  Involves  not  only  the  direct 
weapons  effects  listed  above  but  also  the  effects  of  the  very  large  forces 
transmitted  by  the  door  structure,  and  the  distortions  and  motions  which  the 
door  structure  may  experience.  l>oor  forces  during  blast  are  very  much  larger 
than  dead  weight  forces.  Uhus  while  the  mechanism  can  be  designed  to  woric 
against  the  latter  It  Is  not  feasible  to  provide  even  static  resistance  to  the 
former.  For  tills  reason,  and  because  resistance  to  distortion  and  relative 
motion  requires  large  mechanism  forces,  the  operating  mechanism  should  be  ico* 
lated  from  these  forces  and  notions  ^en  the  door  Is  in  the  closed  position. 
Support  for  the  closed  door  structure  should  be  independent  of  the  trunnions, 
rollers,  struts,  and  other  elements  of  the  door  mchenlsm.  In  addition  the 
mechanism  must,  of  course,  be  resistant  to  the  effects  of  ground  shock. 

e.  Aellability  of  Melanism  Power  Sov.-ce.  SaJU  blast  valvea 
and  doors  may  incorporate  Integral  power  sources  in  the  form  of  coapressed 
springs,  explosive  cartridges,  acl  power  cylinders.  Because  of  the  ma.ill  door 
mass  In  these  cases  the  power  requirements  are  small  and  emergency  hone 
often  may  be  provided. 

Largs  doors  often  require  vexy  large  power  expenditures  for 
short  periods  of  time.  For  dsy-to-day  operations  this  power  can  be  drawn  from 
a  central  source,  even  a  source  exterior  to  the  installation.  In  amh  eases, 
ho^^er,  a  parallel  standty  power  source  always  should  be  provided  within  the 
rrotccted  space.  Consideration  should  be  given  to  the  use  of  hydraulic* 
pnetsastlc  power  systems  ^Akich  have  the  advantage  of  requiring  relatively  small 
elctctrlc  power  Input  to  a  pressure  accumulator. 
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la  some  casea  It  may  be  possible  to  utilize  counterwelgbtlni; 
to  reduce  the  power  required  for  door  operation.  In  other  cases  gravity 
forces  nay  be  employed  to  open  (or  close)  the  door  without  power  Input.  If 
gravity  is  used  to  facilitate  opening,  the  opening  tine  can  ue  substantf ally 
reduced  without  Increasing  the  power  requirement. 

f.  Bellablllty  of  Warntnn  and  Trlrmerlng  Devices.  It  1b 
essential  that  remote  warning  devices  and  circuits  be  x^rovided  to  initiate 
door  closure,  and  that  t>icse  psrovisions  be  matched  vltli  t}ie  door  clostu'e 
time.  Consideration  should  be  given  to  "fall  chfe**  circuitry  which  will 
initiate  door  closure  Iri  the  event  of  failure  or  malfunction  of  or 

circxiitry. 

5.2.>.4.  Partial  Bibliogrartty  on  Doors. 

(l)  "Designing  Entrances  for  Protective  Shelters", 
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Digest  No.  80,  Sept.  1957 

(s)  "a  Door  Design  to  Protect  Large  Aircraft  Against 
Hl^  Overpressures",  Sargent  White,  Phys.  Vuln. 
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(3)  Course  Outline  for  Couise  on  Atomic  Defense  Engineering, 
Port  Huenerae,  Sept.  195G 

(4)  *WS  107  A-2,  Technical  F  icilities,  ICBM-Bose  T-1, 
Concepts",  prepared  by  IMJM  for  AFSMD  (Secret) 

(5)  "Evaluation  Report  for  I‘X!  Pperatlonal  Main  Closure, 

WS  107  A-2  launcher  System",  prepared  by  AH?  under 
Contract  AP  04(647 )-138  (Secret) 

(6)  "Proceedings  of  the  Symposium  on  Protective  Construction", 
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(7)  "WS  107  A-2,  Technical.  P  .clllties,  ICBM  Base  T-1, 
Prelimlno*^'  Basis  for  Dei  Ign  and  Outline  Sepeificatlons", 

? repared  by  £MJM  for  Corps  of  Eagineero,  U.  S.  Aniy 
Secret) 

Koj  "A  Protective  Alert  Shelter  for  Strategic  A^  Ccesand”. 
Associated  Research  Design,  Contract  AP  j’'';'.*CC)-Au36 
(Secret) 

(9)  "nK>eeedljsgs  of  the  Synposlw  on  Protective  Oonstruetlon 
(U)”,  RMID  Corp.,  A8TXA  Document  AD  I50659  (Secret) 
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‘j.  *  rSSIGN  LOADINGS  FOR  S1LO&  AND  TUNNELS 

5.j5.1  Arching  for  Dead  Load  and  Live  Load.  Long  ahafts  either 
vertlca  or  horizontel  present  partlc\ilar  problems  In  design.  Such  shafts 
are  encountered  In  tunnels  connecting  various  stiructures  In  a  complex,  or  In 
vertical  shafts  housing  various  kinds  of  equipment  or  providing  accese  to 
structures.  Ihe  loadings  on  shafts  of  this  sort  ore  affected  greatly  by  the 
metbed  of  construction  and  hy  the  properties  of  the  soil.  For  thla  reason., 
general  recoinnendatlons  are  given  In  this  section  for  tlie  deul^i  loadings  to 
be  used  for  various  conditions  that  might  be  encountered  In  prac'..lce.  Itiese 
'oadlngs  are  used  with  the  design  pracedures  and  charts  given  In  APPENDIX 
arches. 

In  a  body  of  soil  that  Is  undlstiirbed  and  does  rat  have  structures 
located  in  it,  the  situation  is  considered  "at  rest",  and  the  vertical 
pressures  due  to  the  dead  load  of  the  soil  are  equal  at  rny  point  to  the  velghr 
of  the  column  of  soil  above  that  poinc.  The  horizontal  pressures  are  generally 
proportional  to  the  vertical  pressures,  and  the  ratio  la  called  the 
"Coefficient  of  earth  pressure  at  rest".  Uhls  coefficient  is  usually  con¬ 
siderably  greater  than  the  coefficient  of  "active"  earth  preseure,  idilch  cor- 
A  to  thO  miniaum  lateral  pressure  required  to  keep  the  soil  from  sliding 

Into  an  opening,  but  it  Is  considerably  less  than  the  coefficient  of  "passive” 
earth  pressure  uhleh  corresponds  to  the  maximum  lateral  force  that  con  be 
developed. 

In  tunneling  operations  the  soil  Is  disturbed  and  movements  take 
place  during  the  construction.  Because  of  these  movements  the  pressure  of  the 
coll  against  horizontal  and  vertical  surfaces  is  changed  from  the  free-^ield 
conditions  and  is  generally  conaiderably  reduced  below  the  at-rest  condition, 
but  the  lateral  pressures  may  be  some^at  hle^ier  than  the  active  lateral 
pressures.  The  methods  described  herein  for  computing  the  pressures  for  hori¬ 
zontal  or  for  vertical  shafts  are  adapted  with  minor  modifications  from  the 
procedures  given  in  Ref.  4. 

Vfhen  additional  load  is  placed  on  the  surface  of  the  ground,  the 
pressures  on  underground  structiures  depend  on  the  coupling  between  the 
structure  and  the  soil,  and  on  tlie  soil  and  structure  properties  as  well. 
However,  for  blast  loading,  the  soil  strengths  are  somewhat  hl^cr  than  for 
dead  loading  or  for  long-time  loading.  Also,  the  structures  are  generally 
fairly  stiff  and  cannot  move  u  much  as  the  movements  t'.rt  ere  pezmltted 
during  construction  operations.  Consequently,  the  forces  transmitted  by  the 
surface  blast  loading  to  the  siructorc  may  be  considerably  higher,  at  least 
in  lateral  directions,  than  the  dead  load  active  earth  pressures  or  nec^ly 
active  eai'th  pressures  for  vblch  the  8tnv:tureo  are  desi^Md. 

In  the  treatment  idilch  follows,  primary  attention  la  given  to  sai^ 
or  to  granular  materials  hanring  an  angle  of  Internal  friction.  Bowever,  the 
same  treatment  may  be  used,  with  some  slight  degree  of  overconservatism,  for 
cohesive  materials  provided  that  the  cohesion  is  considered  to  be  In  effect 
soffl'  thing  lAlch  can  be  replaced  by  an  equivalent  angle  of  Internal  friction. 
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5*5«2  De^  load  Lateral  Soil  Pregaurea  on  SIIob  or  Vertical  Shafte. 
Consider  a  vertical-  shaft  of  radixu  r  la  a  graaular  naterial,  ehovn  in  FIs;.  5-I, 
^ere  the  pressure  distribution  is  shovn  sehenatlcally  oa  the  vail  of  the 
shaft.  !Die  vertical  pressure  at  a  depth  a  is  noted  by  the  syt&bol  p  .  Because 
of  the  aovementa  dvorlng  construction  operations  the  lateral  pressurls  may  ha/e 
valtMs  considerably  belov  the  lateral  pressures  "at  rest”,  and  there  is  a 
tendency  for  the  lateral  pressures  to  arch  around  the  vail  of  the  shaft.  The 
recomnended  pressuz^  distribution  to  be  used  for  design  of  the  structure  for 
dead  load  is  shovn  In  Figs.  and  Figure  5'!  gives,  as  a  function  of 

the  ratio  of  the  depth  s  to  the  silo  radius  r;  the  ratio  of  the  pressure  p 
at  depth  z  to  the  pressure  at  an  Infinite  depth  p.,.  Cie  curve  shovn  has  tfie 
equation: 


- 

z/r  ♦  P.5 


(5-1) 


Ihe  pressure  at  an  Infinite  depth  Is  shovn  in  Fig.  in  tezns  of 
the  density  or  veif^t  per  unit  of  volume  of  the  ocil  v  and  die  radius  of  \Jie 
silo  r,  as  a  function  of  the  ang'.e  of  internal  friction  Values  of  9  belov 
30  degrees  are  not  found  for  sand.  Values  of  9  for  silt  noy  range  dovn  to 
25  degrees.  Uie  design  curves  are  not  applicable  at  all  belov  25  degrees. 


As  an  Indication  of  the  vay  In  vhlch  these  figures  can  be  used, 
there  Is  shovn  In  Fig*  5-3  the  horizontal  dead  load  pressures  on  a  50-ft. 
diameter  alio  for  various  angles  of  Interxial  friction.  Sie  ciinres  shovn  are 
plotted  for  a  material  of  a  density  v  »  120  lb  per  cubic  ft.,  and  the  pressures 
are  given  In  pal  as  a  function  of  the  depth  from  the  surface  In  feet.  Ihere 
Is  given  along  each  of  the  curves  the  pressure  at  an  Infinite  depth  ccaiputed 
from  the  coefficients  In  Fig.  5-2.  It  can  be  seen  from  Fig*  5-3  that  for 
material  having  on  angle  of  internal  friction  of  55  degrees,  althoui^  the 
pressure  at  an  infinite  depth  is  13*9  psl,  the  pressure  at  a  depth  of  150  ft. 

Is  only  10  psl  and  the  pressure  at  50  ft.  Is  about  6.3  psl* 


Ihe  calculations  described  are  for  essentially  dry  material*  For 
undralned  conditions  and  an  Impervious  structure,  the  pressures  of  the  voter 
belov  the  vatertable  must  be  considered.  It  la  appropriate,  under  the  con* 
dltions  idiere  voter  Is  present  to  reduce  the  velgct  of  the  material  belov  the 
vatertable  to  the  submerged  velght.  fiovever.  In  most  cates  th.*»  effect  of  the 
voter  Is  so  much  greater  than  that  of  the  soil  that  It  Is  usually  reasonably 
accurate  merely  to  add  the  horizontal  pressures  due  to  the  water  belov  the 
vatertable. 


5.3*3  lateral  live  Load  Soil  Rressuree  on  8II0.  If  a  Irrge  enoufdh 
area  vere  loaded  unlfozmly  vlth  blest  preaaure,  and  the  preoAv  lasted  lOr 
a  relatively  long  time,  the  loading  situation 'Vould  correspanu  almost  to  a 
iffllform  vertical  pressure.  Independent  of  depth.  Otader  such  ecndltlons,  the 
horizontal  pressure  Induced  In  an  elastic  material  having  a  val.ue  of 
Poisson's  ratio  of  ore  equal  to  the  fOUovlng: 


(5-2) 
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vhere  q  is  the  lateral  pressure  and  p  Is  the  vertical  pressure.  Sie  lateral 
precsure  is  a  compressive  force,  lihe  vertical  pressure,  and  consequently  the 
iiorlzontal  pressure,  attenuate  vith  depth  as  a  result  of  the  motion  of  the 
blast  over  the  s\irface  and  the  decay  of  the  overpressure  with  time.  As 
mentioned  In  Para.  3. 2.1  Ihls  attenuation  Is  like  the  attenuation  of  velocity 
In  Eq.  (^-13)«  For  large  yield  veapons  this  attenuation  may  be  neg.\ected  for 
the  depths  nomally  considered  of  interest. 

If  a  vertical  shaft  vere  in  existence  without  pressure  being  applied 
to  It,  and  if  the  shaft  vere  not  deformable,  the  lateral  pressure  on  the 
vertical  vails  of  the  shaft  would  also  be  equal  to  q.  If,  hovevsr,  the 
material  lining  the  shaft  is  compressible,  the  press  .ure  on  the  shaft  is 
reduced.  Ihls  reduction  Is  a  function  of  the  relative  moduli  of  elasticity  of 
the  shaft  material  and  the  soil  as  well  as  the  ratio  or  the  thickness  of  the 
shaft  to  the  radius.  The  magnitude  of  the  value  of  Poisson's  ratio  (T  of  the 
soil  enters  also.  Designate  by  the  pyinhoi  N  the  appropriate  fi motion  of  these 
quantities: 

N  =  (1  +  ?)  P  (5-3) 

Er 

where  E  Is  the  modulus  of  elasticity  of  the  lining,  B  the  modulus  of  elasticity 
of  tiie  soil,  and  D  the  thickness  of  the  lining.  Under  these  conditions,  and 
with  the  value  of  N  defined  as  above,  the  maximum  radial  pressure  on  the 
lining  is  given  by  the  equation: 


Ihe  clixurnferential  compression  in  the  soil,  p^  Is  given  by  the  relation: 

Po  -  Bt  ‘5-5) 


These  relationships  may  be  used  as  approximations  to  give  the  live 
load  lateral  pressures  on  a  vertical  shaft  wall.  In  general,  the  reduction 
In  pressure  produced  by  the  compressibility  of  the  liner  Is  negligible.  For 
example,  If  a  shaft  Is  considered  vith  a  thickness  of  two  feet,  a  dlasMter  of 
UO  t't.f  with  a  value  of  Poisson's  ratio  of  0.2,  and  vith  ax>dull  of  h,2C0,000 
psl  for  the  abaft  material,  and  100,000  psi  for  the  scxl,  a  value  for  R  of  5 
13  obtained.  Then  one  finds  a  lateral  compressive  force  on  Ute  shaft  of 
0.03q  vitli  a  circumferential  compression  of  l.lTq.  For  the  value  of  Poisson's 
ratio  quoted,  the  value  of  q  is  0.25p,  and  conseqttently  the  lateral  pre.^jure 
on  t)ie  shaft  Is  0.23 p. 

Because  in  general  the  value  of  Folason's  ratio  for  various  kinds 
of  soil  is  not  known,  it  is  suggssted  that  the  ratio  of  the  borlsontal  to  the 
vertical  pressure  for  dynimle  loading  be  teken  as  follows: 


For  ecbeslonleso  soil,  damp  or  dry 

For  unsaxurated  cohesive  soils  of  stiff  consistency 


For  unsaturated  cohesive  soils  of  mediun  consistency  l/s 

For  unsaturated  cohesive  soils  of  sofi^  consistency  3/h 

For  all  saturated  soils  'idiere  the  water  table 

Is  at  the  surface  1 

When  the  vatertable  Is  more  than  yo  ft.  below  the  svurrace  use  the 
value  for  the  unsaturated  condition  for  the  same  type  of  soil.  For  Inter¬ 
mediate  levels  of  the  watertable  between  0  and  30  ft.,  Interpolate  lliieorly 
for  the  value  of  the  lateral  pressure  coefficient  for  points  below  the  water 
table,  and  use  the  values  in  the  preceding  tabulation  for  points  above  the 
vatertable. 


5.3 Non-Uhl foinlty  of  Circumferential  Pressure.  For  a  vertical 
shaft  which  Intersects  the  ground  surface,  a  non-uniform  load  develops  around 
the  shaft  over  the  portion  near  the  surface.  This  non-unlfoxi;  load  exists 
as  long  as  the  shock  Is  enveloping  the  silo.  To  acen-jnt  for  this  non-unlfc:T> 
loading  It  Is  recommended  that  the  shock  be  considered  to  be  made  up  of  two 
components  over  a  depth  below  the  surface  equal  to  the  diameter  of  the  silo. 

One  con^nent  is  a  uniform  compression  acting  around  the  circumference;  the 
other  Is  a  sinusoidally  varying  pressure  consisting  of  four  half -sine  waves 
arouztd  the  circumference,  alternately  inward  and  outwai'd.  the  maxlmm 
amplitude  of  each  component  should  be  taken  equal  to  one -half  the  peak  side -on 
ovemreasure  gt  the  surface.  Ihe  stresses  esused  by  these  two  components  of 
loading  should  be  superimposed  and  the  maximvan  atreaaes  should  not  exceed 
thoae  defined  in  ARPERDIX  3B.  lihe  uniform  component  causes  a  "hoop  compression" 
In  the  walls  of  the  shaft.  Ihe  sinusoidal  component  causes  s  maximum  moment 
which  can  be  computed  with  suffl  lent  accuracy  by  the  following  equation  In 
which  p  is  the  maximum  sBVlitude  of  unbalanced  pressure,  !•  is  ons'^*lf  the 
wavs  length  of  the  sins  curve,  end  B  Is  the  radius  of  the  shaft. 

>*  -  J  Po  *  Pq  (5-6) 

Both  for  dead  load  and  for  live  load  Ixrtgularltiss  in  loading  may 
occur  over  the  entire  height  beeeuse  of  variation  In  propertlss  of  the  soil 
or  for  other  reasons.  Omss  Inegulsritics  .ire  likely  to  be  intixely  acci* 
dental  in  charaotar.  In  order  to  account  for  them  it  ia  recoosended  that  a 
standard  irregularity  coiresponding  to  10  percent  of  the  lateral  dead  load 
deaigs  preaaure  be  considered,  with  the  varlatlOD  in  pressure  considered  to 
be  that  which  corresponds  to  a  cine  ourve  diatributiju  over  a  length  of  one- 
fourth  of  the  eirovaiferenoe  of  the  wall  of  tne  shaft.  Ihs  moment  for  this 
singla  sine  eunrs  of  loading  is  1/3  gi'eatsr  than  that  for  a  baas  having  a  lan^ 
of  ons-iOurth  the  oirousfarsnoa.  This  aomani  M  is  dafinad  also  by  Sc.  (3>6i 
with  the  Mplituda  of  the  unbalanced  loading.  In  fsnaral  beiii<  fken 
10  pareant  of  the  boriaoatal  dead  load  preisure  for  the  ease.  In  coaputing 
the  unbalanead  praaaura,  the  oomponant  of  prasaurt  loading  due  to  water  is 
aaglaetad  baoansa  thia  oannot  be  unsynmatrionl. 

Zr  the  wall  of  the  ailo  ia  made  of  raiafoi'oad  eonerata,  it  la 
raeowwndad  that  at  laaat  0.85  pareaat  of  ralaforc ament  be  used  in  both  fanes 
of  the  wall,  in  both  the  vertical  and  horiaontal  dlreetlona.  Ir  most  Snstanees 
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this  amount  of  steel  vlU  be  sufficient  to  take  cnre  of  the  ovalllng 
tendencies  caused  by  the  variation  in  properties  of  soil.  Generally  thicker 
sections  aud  perhaps  greater  amounts  of  relnfbrcenent  vlU  be  required  ncv 
the  surface  to  vlthstand  the  loads  developed  there. 

5.3.5  Vertical  force  on  Silo.  Vertical  loading  is  transmitted 
directly  to  the  roof  of  the  silo  from  the  blast  and  additional  vertical 
fnr.'^es  are  transmitted  by  "negative  skin  friction”  of  the  earth  on  the  silo 
vails.  In  computing  the  latter  force,  account  must  be  taken  of  the  direction 
of  relative  motion  of  the  silo  and  of  the  earth  alongside.  When  an  increased 
load  Ic  transaitted  to  the  silo  by  friction  from  the  earth,  the  vertical 
force  in  the  adjacent  earth  is  diminished..  Oonsaquantly,  the  relative 
notions  are  changed,  and  the  process  of  adding  load  to  the  silo  is  in  a  senae 
self ’•limiting.  Furthenore,  the  maxlmun  horisontal  preaeures  on  the  alio 
may  not  occur  simultaneously  at  all  elevations, 'and  eonaequently  the  fric¬ 
tional  forces  may  not  add  fully.  Ihe  behavior  10  a  very  cospler  one,  and 
attempts  to  sliqplify  the  problta  generally  involve  assunptlona  jhat  are  too 
conservative. 

In  general,  the  vertical  force  transmitted  by  frictloA  on  the  silo 
vails  can  be  computed  from  the  magnitude  of  the  shearing  resistance  of  the 
soil  adjacent  to  the  silo  and  the  lateral  force.  Ihe  shearing  force  trans¬ 
mitted  to  the  silo  vail  cannot  exceed  the  product  of  the  coefficient  of 
friction  multiplied  by  the  lateral  force.  Bovever,  the  coefficient  of  frietlon 
used  should  be  less  than  the  tangent  of  the  angle  of  internal  friction  of  the 
soil,  because  the  soil  adjacent  to  the  3II0  is  gsnerally  disturbed  by  the 
construction  operations.  It  is  appropriate  to  take  an  angle  of  internal 
friction  5  degrees  less  than  that  idiieh  oorrespouds  to  the  general  mass  of 
the  material,  in  coevatlng  the  shearing  force  trsaumitted  to  the  vail  of  the 
silo.  Ihls  shearing  force  should  not,  hovever,  bo  taken  as  larger  chan  the 
sheering  resistance  of  the  disturbed  mu^^risl  near  the  silo  If  there  is  ai^ 
other  measure  available  of  this  shearing  resistance.  For  cohesive  materials 
the  shearing  resistance  should  not  he  taken  as  more  than  one  ‘half  the 
unconfined  compressive  strength  nf  the  material.  It  is  suggeated  that  the 
maximum  vertical  fores  in  the  silo  vail  and  the  maximum  prsb^ure  on  the 
foundations  be  computed  on  the  basis  of  the  foilovlng  principles: 

(1)  Assvm  that  reversal  of  direction  of  the  shearing  force  occurs 
at  about  one^ialf  the  effective  depth  firom  the  surlkce  to  the  base .  The 
effective  depth  is  the  net  height  minus  the  portion  of  cue  height  vith  a  slop¬ 
ing  or  vedgs-sbape  profile  neer  the  top- 

(2)  The  maxlmui  vertical  stress  in  the  valla  occurs  at  che  point 

vhere  the  shearing  force  reverses  In  direction.  This  mexlsnaa  «^t:’ .  is  '’em- 

puted  for  the  ecabioed  surface  loading  plus  the  shearing  force  uf  the  upper 
part  there  the  shearing  fOreat  are  acting  dovnvard. 

(3)  total  lead  on  the  base  of  the  silo  la  equal  to  the  total 
load  at  the  top  plus  ths  nst  fOros  transaittsd  by  thesr.  Ihe  net  force  trans¬ 
aitted  by  shear  is  ssro  in  a  homogeneous  materlai,  but  It  aay  not  be  eero  if 
the  base  of  the  silo  is  fouadsd  on  a  firm  or  unyielding  surface. 
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Where  the  material  varies  or  has  strata  of  different  properties >  the 
situation  Is  much  more  complex.  An  approach  to  the  problem  may  be  made  by 
assionlTig  the  direction  of  relative  ntotlon  of  the  soil  and  the  silo  at  various 
points  along  the  heij^t  and  by  taking  the  shear  In  the  direction  to  oppose 
this  relative  laotlon.  In  this  pjrocedure  one  ccmtputes  a  net  force  at  the  base 
of  the  sUo,  idilch  Is  greater  than  that  vhich  corresponds  to  the  load  trans¬ 
mitted  to  the  roof  of  the  silo.  One  can  compute  a  reduced  force  In  the  earth 
alongside  the  silo  by  assuming  that  the  shear  transmitted  to  the  silo  changes 
the  vertical  pressure  In  the  soil  uniformly  over  a  distance  corresponding  to 
one  sUo  diameter  from  the  face  of  the  silo  vail.  From  the  compressibility 
of  the  soil  one  can  compute  the  deformations  In  the  soil  at  various  elevations 
and  from  the  reduced  pressures  on  the  soil  and  the  Increased  pressures  on  the 
silo  one  can  compute  the  base  displacements  or  estimate  these.  From  thdse 
computations  one  can  then  recompute  the  relative  motions  and  adjust  the 
shears  accordingly.  This  process  la  repeated  until  an  agreement  Is  reached 
betveen  the  assumed  and  derived  values. 

^.3*6  Dead  load  Pressures  on  Tunnels.  Consider  a  tunnel  cross- 
section  of  the  type  shovn  in  Fig.  3*^  or  or  a  circular  cylinder.  In 

the  latter  case^  let  the  desleiation  B  denot-a  the  diameter  of  the  cylinder  as 
veil  as  the  height.  If  the  tunnel  la  driven  by  other  than  open  cut  methods, 
then  the  pressure  Py  on  the  roof  of  the  tunnel  for  granular  material  miy  be 
taken  aa  given  by  the  foiloving  equation: 

Py  <  v(0.5CB  +  O.Sflh  -  e/v)  (5-7) 

^ere  h  Is  the  height  of  the  tunnel,  B  the  vldth  of  the  tunnel,  r  the  cohesive 
strength  of  the  material,  9  the  angle  of  iuUrnal  friction  forjthe  material, 
and  V  the  velght  per  unit  volume  of  the  material.  In  general  e  may  be  taken 
as  Mro  and  the  angle  of  Internal  ftrlction  adjusted  accordingly.  It  can  be 
seen  from  this  equation  that  if 

0.50B  ♦  0.58h  <  c/v  , 
the  pressure  on  the  roof  vUl  be  aero. 

If  the  passagevay  la  constructed  by  making  an  open  cut,  building 
the  atrueture,  then  backfilling,  the  pressure  on  the  top  viU  of  course 
be  equal  to  the  vel^t  of  the  material  on  top  of  th^  structv-e.  It  can  even 
exceed  this  If  ta«  foundation  of  the  paasagevsy  Is  firmer  than  that  of  the 
material  alongside  so  that  there  Is  "negative*  arching  transfcnrlng  rore  load 
to  the  roof,  the  borlaontal  pressures  on  the  vertical  vails  of  the 
aaction  ahovn  In  Pig.  5-^  can  be  computed  as  If  the  side  vail*  were  the  irr.M 
as  a  retaining  vail  of  height  h,  loaded  vlt'-^  an  additions:  su  .narga  corres¬ 
ponding  to  the  roof  pressures  computed  ahon-  from  Bq.  (5-7}«  7or  the  arched 
or  clroular  tube  aeetlooa,  the  pressures  may  be  taken  aa  radial  and  aqual  to 
tha  magnituda  of  p  .  An  additional  affaet  of  ovalllng  for  dead  load  la 
eoasldarad  balov. 

5*3«7  Live  toad  Preaaures  lor  the  reetanguler  etrueture 

ehovn  in  Pig.  5-ita  the  live  loading  on  tha  roof  should  la  general  be  taken  aa 
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equal  to  the  overpressure  on  the  ground  surface.  If^  hovever,  the  structure 
is  buried  with  a  cover  at  least  inlf  of  the  span,  the  maximum  pressure  on 
the  roof  may  be  reduced  from  the  ground  surface  pressure.  Ihe  reduction  is 
given  by  the  following  equation: 

APy  =  ® (5-8) 

where  o  is  the  "frictional  part"  of  the  shearing  strength  of  the  soil,  which 
under  the  dynamic  conditions  may  be  taken  as  follows: 

flg  ■  tan  <l>  (5-9) 


where  p  la  the  maximum  surface  overpressure  and  9  the  angle  of  internal 
frlctioB? 


In  no  case  should  the  reduction  be  taken  a>>  mare  than  l/s  the 
surface  preastire;  l.e.,  the  minimum  value  of  p^  is  l/s  the  surface  pressure. 

The  loading  on  an  arch  underground  is  described  in  Para.  5A.3>  The 
loading  on  a  cylinder  may  be  computed  as  for  an  arch  of  l80-degr««  central 
angle.  In  general  for  a  buried  arch,  if  the  average  depth  of  cover  over  the 
arch  is  at  least  0.25B,  the  tendency  of  the  arch  to  buckle  may  be  neglected, 
and  the  flexural  component  of  loading  due  to  the  blast  may  be  neglected.  In 
such  a  case  the  pressure  on  the  arch  may  be  taken  as  uniform  and  equal  iz 
value  to  the  surface  pressure.  If  the  average  depth  of  cover  la  greater  than 
0.5B,  the  presaure  may  be  reduced  in  the  lame  way  as  for  a  flat-roofed 
structure,  using  Iq.  (5-8)  with  Instead  of  I. 

The  live  load  pressures  on  the  vertical  walls  of  the  box  section 
may  be  taken  as  having  the  same  ratio  to  the  vertical  preasure  as  is  used 
for  a  vertical  silo  wall. 

5. 3- 9  Soil  SuPTx>rt»d  by  Buried  Structure.  Very 

little  InfUXMtion  exists  from  which  an  estimate  can  be  made  of  the  mass  of 
the  soil  which  reepoada  with  a  burled  structure  when  it  is  loaded  by  shock. 
This  virtual  soil  mass  is  analogous  in  soma  respects  to  ths  virtual  'luss  of 
water  used  tor  an  object  sulaMrgsd  in  water.  However,  the  virtual  mass  of 
soil  cannot  be  considered  Identical  to  the  virtual  mas  of  vatu  .-  because  of 
the  inherent  shearing  strength  of  soil. 

Kkperimantal  evidence  for  rectangular  structuns  burled  to  de  its 
less  than  or  equal  to  the  span  of  tbs  roof  indicates  the  virtue^  tss  r-y 
equal  the  total  maas  of  the  <1011  supported  the  roof.  H.us,  lur  depths  of 
burial  less  than  or  aqunl  to  tha  span  of  the  roof  for  rcctangidar  atroctures, 
it  is  renntndafl  ^hat  all  of  the  aoil  suppo.-*ed  be  assunad  to  "efpond  vith 
the  roof.  Ibr  greator  depthe  .tf  burin.*.  It  le  recommended  that  a  rectangular 
block  of  soil  defined  by  the  plen  dimensions  of  the  roof  v:*th  a  depth  not 
grettcr  than  ths  spaa  oi  the  roof  be  asaxsaed.  lha  data  indicate  this  racoa' 
mendetion  will  probhbly  provide  a  conservative  result.  Similarly  a 
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conservative  result  is  obtained  If  no  soil  is  assumed  to  uct  vlth  the  vails 
of  a  rectangular  structure. 

!Ihe  virtual  mass  for  an  arch  or  dome  may  be  taken  essentially  the 
same  as  that  specified  for  a  rectangular  stixicture.  For  the  arch  cr  dome  the 
average  depth  of  bur'al  over  the  shell  should  be  used,  and  the  largest  virtual 
mass  should  be  limited  to  an  average  deptli  correspondliig  to  one-half  the  span. 

Virtual  mass  for  the  vulls  of  the  silo  may  be  assumed  equal  to  a 
thickness  of  soil  not  greater  than  the  radius  of  the  shaft. 

Hop-Pplfona  Pressure  Around  Tunnel,  por  shallov  structures 
the  psressures  may  be  noa-unlfoxn  froa  the  dynamic  loading.  Hovever,  the  non- 
unifozmlty  1j  not  important  In  case  of  the  box  section  in  \dxtch  flexure  is 
primarily  ti^e  node  of  action.  For  an  arch  or  tubular  section,  the  non- 
unlfoxmlty  may  be  significant  in  '•-hat  It  introducco  n  diff'-rent  mode  of 
behavior.  This  Is  considered  in  the  design  charts  presentid  in  AFFlIDiaiS  3A 
and  3^. 


In  addition  to  this  kind  of  nonuniforoity  of  loading,  ve  must 
consider  nonunlformlty  of  loading  arising  from  variation  in  properties  of  the 
materiel  or  from  methoda  of  eona-tructlon.  In  general,  the  smae  dagrea  of 
Doaunifonity  of  dead  loading  as  In  the  vertical  silo  £b'‘v'>d  be  considered, 
correaponding  to  a  10  percent  variation  in  dead  load  pressure  from  one  side 
to  the  other.  In  the  case  of  the  arch,  the  length  over  ^Ich  this  variation 
should  be  considered  to  tak.e  ^laca  it  oue-h.ilf  the  circumference  from  one 
fbotlng  to  the  other.  In  the  case  of  tha  circular  tube  It  should  be  one- 
fourth  the  clrcumferenee.  Bu  variation  In  vertical  lomilng  from  3  .va  load 
naed  ba  eonaldered,  hovevar,  because  this  loading  is  not  effected  greatly  by 
minor  changss  In  the  eoll  properties. 


SARm  sB)ci /oro  aB0(X 

5 •  1  Free-yield  Air-Induced  Eartti  Shuck 

a.  Iutroduct^*7  ttwyk*.  ihe  c.ruund  notion  resulting  frum 
a  nuclear  detonation  is  a  complex  coublnati>-'u  of  t^soiy  <>ffects,  including  air- 
induced  shock,  direct-tranaaltted  ground  shwck,  si;*  face  s/:''  reflected  vaves, 
coupled  effecte,  and  random  motions.  ]Gecau;.6  of  uu:  ooc^Mex  nature  of  the 
situation,  it  is  convenient  for  purpc-sca  to  .Miialdrr  *Jj*  earth  shock 

resulting  from  a  nuclear  explosion  producing  both  systcaaTlc  anc  random 

effects.  Systematic  effects  can  further  be  divided  tw>  najor 
(l)  air-lnd'j^'-^d  shock  associated  vlth  pasesge  o’*  <u;  ct.'  .^luck  v«v«  over 
the  eurfiaee  c.  the  ground,  end  the  overpressure  at  the  surfaiui  above  the 
stnieture  doteward  with  eucb  attenuation  and  dlsMrsion  as  may  be  coaeistent 
vlth  the  phyeicel  conditions  at  the  olte;  end  (2)  direct-traaaaitted  ground 
shock  arising  fror  direct  energy  transfer  from  siu’face,  near  surfaca,  or 
underground  burata.  Bandom  effecta  eOHKoly  tnelude  high  frequency  ground- 
traamaitted  ahock,  aurfoce  vave  aftacta,  reflections,  refrautione,  etc.  Mbloh 
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particular  effect  la  domloant  and  controls  the  design  Is  dependent  on  such 
factors  as  veapon  yield,  point  of  detonation  vlth  respect  to  the  ground 
surface,  range  iVoo  ground  zero,  depth  of  the  structure,  and  geologic 
conditions. 

At  present  it  Is  possible  to  make  reasonable  estimates  of  the  maxl- 
snm  values  of  displacement,  velocity  and  acceleration  that  are  associated  vlth 
the  alr-lnduced  shock  effects,  and  In  more  restricted  cases  for  the  direct- 
transmitted  ground  shock  effects,  under  more  or  ^ess  uniform  geologic 
conditions. 

Relationships  for  estimating  alr-indueed  effects,  which  often  are 
the  largest  effects,  are  presented  In  the  following.  A  mere  detailed  treat¬ 
ment  of  the  problam,  including  a  discussion  of  li^ered  wedis,  and  direct- 
transmitted  effects  Is  presented  in  AFTIHDIX  ^C. 

^en  structural  syatesui  or  equipment  are  subjected  a  base 
disturbance,  as  for  example  that  arising  from  the  giound  motion  associated 
with  a  nuclear  blast,  the  response  of  the  system  Is  governed  by  the  distribu¬ 
tion  and  magnitudes  of  the  masses  and  resistance  elements.  A  knowledge  of 
the  response  of  systems  subjected  to  such  loadings  Is  extremely  Important 
from  the  standpoint  of  design  In  order  to  proportion  the  structure  so  that 
it  will  not  undergo  complete  eoUapae,  and  to  protect  the  structure,  equipment, 
and  peraotinal  from  ahock  dansgs. 

for  purposes  of  assessing  the  relative  effects  la  a  structure,  or 
the  effects  on  secoadaxy  structures  mounted  on  the  soil  within  a  primary 
structure,  one  of  the  simplest  iatexprctstlons  of  ground  notion  data  'uvolves 
the  concept  of  the  response  speetrtB,  idileh  Is  s  plot  against  frsquoacy  of 
ths  maxlmuB  rssponss  of  a  simple  Xlnsar  oscillator  svibjsetsd  to  s  given  base 
input  motion.  Studiee  of  the  many  shock  spectra  that  have  bseo  determined 
from  ground  motion  measurements,  from  both  blast  and  earthquake  sources, 
suggest  that  response  spectra  v-an  be  described  lu  e  relatively  staple  way  in 
tens  of  the  maxlmiai  values  of  dlsplsesment,  velocity  or  acceleration. 

Oooeepta  relating  to  both  systematic  tad  rvadom  disturbances  ere  presented 
in  this  section  and  AFPBIDIX  $C.  Brlof  eoanents  on  dsslpa  to  resist  ground 
shock  motloas,  end  effects  of  structures  on  equipment  shock  response  also 
are  presented  in  AFflVhDC  5C. 

b«  Rotation,  the  notation  used  in  th*  >  «e«'tl&..  Is  es 

follows: 

s  •>  mexlmum  vertical  transient  acraleretion.  In  grayitic. 

c  ■  seismic  veloclt/  of  soil  In  ’'Srtlcal  dlrect-i^ui  .  Ti.  iwr 

sec. 

d  ■  maximum  elastic  component  of  vertical  transient  dlsplace- 
msnt,  in  Ln.;  for  a  triangular  pressure-time  pulse 
d,  s 

d^  •  pemsment  vertical  dlaplecement  after  blest,  in  In. 


E 


h  ■ 


L  • 


®80 


V 

V 

y 

a 


Young's  modulus  of  elasticity.  In  pel.  For  plane  waves  E 
is  given  by 

Where  P  is  the  mass  density  of  the  soil,  ji  is  Poisson's  ratio, 
and  c  is  the  seismic  velocity  as  defined  above.  FOr  values 
of  u  of  0.2$  or  less,  the  relationship  is  approximately 
R  •  Pc2,  and  for  soil  with  a  density  of  about  11$  lb.  per  cu. 
ft.  an  approximate  value  of  E  is 

.  2 


E  ■  2$,000  ps 


4  • 


1000  fpaj 

depth  to  ^ilch  shock  extends  in  time  t^,  in  ft.; 


h  ■  ct- 


tiOO  ft 


f _ £_  ._i  i 

•  [lOOO  fp.J  L  J  [“fJ 


quantity  in  units  of  ft.,  a  function  of  overpressure  and 
duration,  used  in  pressure  and  velocity  attenuation  relation^ 
ship 

peak  overpressure  In  shock  wave,  •.*.  psi 

effective  dviratlor.  of  shock,  corresponding  to  a  triangular 
pressure  pulse  having  the  same  Impulse  aa  the  actual  shock, 
in  sec.,  (see  Ref.  1$); 


0.40  sec 


100  psl 


so 


rw 


effective  velocity  pulsi#*  rl..e  tinjc.  In  sec.;  field  observa¬ 
tions  indie  .to  that 

.  r  1  2. 

’'r  2  c 

for  a  homogeneous  medium 

maximum  vertical  triin8l»'n'.  /oloclty,  in  ft.  sec. 
yield  of  weapon.  In  Kegatons 

depth  below  surface  to  point  considered,  la  ft. 
attenuation  A*actor  for  veloci^  er  stress 


Subscripts:  a  denotes  the  surfneo  and  y  dewt**.*  .*  uxataoce 

y  below  the  suiTace 

c.  Free~Fleld  Air-Induced  Barth  Motions  at  Surface 

lUyiiiitMi  Transient  Vertical  Dioplaceaent  at  Surface 

1!he  elastic  component  of  the  maximum  trnnstecit  vertical  di^tlaceaeat 
in  homogeneous  material  ray  be  taken  aa  follows: 
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10  in. 


*  p  "1  0.4 
_100  psij 


fpsl  j  W  ^ 

JLimtJ 
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The  permanent  vertical  displacement  depenac  on  the  ovcrpreasure  and 
on  the  plastic  properties  of  the  soil  in  the  upper  pO  to  100  ft.  It  Is  often 
of  negligible  magnitude  for  overpressures  less  than  100  pel;  but  for  soft  and 
weak  soils  It  can  be  as  much  as  5  or  6  in.  at  the  surface,  even  at  an  over* 
pressure  as  lov  as  100  psl.  If  static  stress-strain  curves  for  the  soil  are 
not  available  from  which  to  estimate  the  permanent  displacement,  it  Is  sug¬ 
gested  that  It  be  taken  as  follows: 
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In  this  equation,  c  is  the  seismic  velocity  near  the  surface.  Vhen  the 
equation  Is  used,  a  cut-off  In  permanent  displacement  occurs  at  40  psl. 
Available  evidence  Indicates  that  permanent  displacements  generally  are  of  a 
negligible  magalt'jde  at  pressures  below  40  pal;  accordingly  11-  Is  recommended 
generally  that  d  be  taken  as  zero  for  pressures  less  than  40  pal.  In 
exceptional  cases^there  may  be  reason  to  estimate  the  permanent  displacement 
for  lower  pressures  from  known  stress-strain  properties  when  the  soil 
properties  are  available. 

The  maxiauDi  transient  elastic  vertical  displacement  In  a  layered 
or  In  a  non-hoaiogeneous  system  can  be  different  from  Eq.  (5-10).  For  a  rigid 
l^rer  near  the  surface,  but  at  a  depth  greater  than  h,  there  can  be  a  complete 
reflection  which  at  most  could  double  the  value  of  d«  arising  from  the  near 
surface  sti'alns.  fbr  a  system  with  variable  prepertie!^  or  layers,  the  value 
should  be  computed  for  several  pusivions  of  the  shock,  taking  account  of  the 
values  of  c  for  each  layer,  and  eddlna  vp  the  instantaneous  values  of  strain 
so  determined. 


Maximum  Treneient  Vertical  Veloc'.ty  it  Surface 
The  maximum  transient  vertical  velocity  can  be  taken  as: 


whence 
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clftuo  Transient  Vertici 


iceleratlon 


This  is  computed  by  essuming  a  rise  time  for  tha  maxlmun  velocity 
(or  maximum  pressure)  of  about  0.001  sec.,  from  which  it  fcllowii  t}:at 
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In  thft  last  two  equations,  one  must  use  the  surface  seismic  velocity.  However, 
the  Faxisus  acceleration  is  not  necessarily  related  to  the  n»xlm'-!m  velocity, 
but  mey  be  larger  than  the  value  computed  from  Bq.  (^-13)«  Therefore  it  is 
recommended  that  even  for  high  seismic  velocities,  a  value  of  c  no  greater 
than  2000  ft.  per  sec.  be  used.  In  acoc-rdance  with  the  discussion  given  in 
SECTION  3C.7  end  Table  5C-1,  Eq.  (3-15)  bas  taken  into  account  a  factor  of  2 
which  has  been  Introduced  to  account  for  normally  expected  icvals  of  damping 
and  complex  oscillations.  Other  situations  may  be  liHudled  with  the  use  of 
Table  5C.1. 


Free-Field  Horizontal  Effects  at  Surface .  For  horlaontal 
surface  effects,  take  the  maximum  displacement  as  1/3  the  vertical,  the  maxi¬ 
mum  velocity  as  2/3  the  vertical,  and  the  maximum  acceleration  equal  to  the 
vertical . 


d.  Free-Fleld  Effects  at  Depth.  The  dii,pl«'*eraent,  velocity, 
and  acceleration  are  attenuated  vitn  uepth.  Although  exper  .mental  data  a*^ 
scarce,  the  following  basis  seems  reasonslle  for  confuting  the  effects  at  a 
depth  y. 


Vertical  Displacement  at  Depth  y 


Tte  difference  in  displacement  between  the  surface  and  the  dipth  y 
cannot  exceed  the  sum  of  the  maximum  strains  between  these  points,  and  can 
be  considerably  less  than  this.  Between  the  surface  and  a  depth  of  100  ft., 
the  naxlmuffl  possible  elastic  suraln,  as.:u»lng  no  attsnuatlon  of  pressure, 
gives  en  upper  limit  to  the  elastic  cooiponsn  .f  the  dlffereotlsl  dJ •pleceasnt, 
of  magnitude 


4.d  in. 


Hm  actual  differeitce  in  dsflertlon  uey  be  t  )r)n  aj  one-half  this  value,  which 
Is  cooaidcred  to  be  a  mox'e  r'jaccnaWe  value  <..vl  :ti.'!8lderud  to  vaA*y  linearly 
with  dei'Xh  down  to  100  ft.  The  permanent  ve  deal  displacement  attenuates 
rapidly,  and  can  be  assumed  to  /nry  llreerly  fi\  n  tfcc  ..urfsce  \'alue,  givan 
hy  Sq-  (3-11),  to  zero  at  a  depth  of  ic^  • 


The  change  in  total  asximum  v^rtlc  1  dlspi  «itb  depth,  for 

bonogeneuuu  oaterlsl,  may  bu  taken  as  indlrated  in  Table  3-1-  This  table 
lndl:ates  no  change  in  maxisaim  flee. below  a  depth  uf  iCO  '.t. 


Vertical  Velocity  e t  f  >th  y 

The  vertical  velocity  at  lapth  y  .s  attenuated  roughly  in  the  sane 
way  as  the  maxtaaim  strese,  or 


V..  ■  a  tr. 


(5-15) 


3-21 


•where 

emd 


r  .  500  ft.  [1^1  for  <  5C  P.1 

L  .  138  ft.  for  p,„  >  500  p.1 


Yertlcel  Aeeelerntloa  at  Depth  y 

Tb;e  time  of  rise  of  •the  aaxlnus  veloci'ty  fron  «n  Initial  zero  vein*' 
of  velocity  can  be  taken  as  one-half  the  transit  tine  of  the  'ihoek  wave  from 
the  surface  to  the  depth  considered.  Bbvever>  the  uaximum  acceleration  can  be 
considered  to  be  twice  the  value  obtained  from  the  assumption  that  the 
velocity  Is  obtained  linearly.  Cils  leads  to  the  relation: 


•y 
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\  32  ft/sec^ 
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The  rise  time  of  the  peak  velocity  should  not  be  taken  as  less  than 
0.001  sec.  This  procedure  gives  less  attenuation  of  acceleration  In  rock  than 
In  soft  soil,  which  Is  reasonable.  If  no  attenuation  of  velocity  or  ''ressure 
with  depth  Is  aasuiMd,  the  use  of  Bq.  (5-12)  and  (5-16)  give  the  following 
result: 


•y  '  5g 
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Hortr,'intal  Motions  at  Dert^  v 

The  ration  of  peek  horizontal  to  peak  vertical  dlsplaeeswnts, 
velocities,  and  accelerations  at  depth  y  are  to  be  tr  -n  as  ]/>,  2/3,  and  1, 
respectively. 


e.  jjtlve  Example.  As  an  example  of  the  use  of  tne 

relations  given  herein,  consider  the  ease  of  an  6  NT  weapon  for  :  ove.pzwssure 
of  200  pel,  and  a  hoangeneous  soil  having  a  seismic  velocity  of  cOOO  ft.  per 
sec.  (corresponding  to  a  sendy-sllt).  The  estimated  values  of  vertical  and 
Lorlaontal  maximum  displacement,  velocity,  end  aeoeleretion  at  depths  of  0, 

50,  and  100  ft.  are  given  In  Titble  5-2. 

It  la  readily  apparent  froa  the  table  that  the  eurface  deflection 
comae  mainly  from  defbrmations  at  fairly  great  depthe,  up  to  1000  ft.  or  eo. 
Oonaequently,  if  the  lower  levels  of  the  eubaoll  are  subetentiall^'  harder,  the 
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deflections  vUl  Le  decreased.  Bovever^  the  difference  In  deflection  'between 
the  surface  and  30  ft.  or  100  ft.  will  he  virtually  unaffected. 

f.  Design  Shock  Spectra.  P6r  either  the  relative  effects  In 
a  structure^  or  the  effects  on  equlinent  within  a  structure  placed  In  the  soil, 
the  sioplest  Interpretation  of  the  earth  motion  data  involves  the  concept  of 
the  response  spectnoa,  which  Is  a  plot  against  frequency  of  the  maximum 
response  of  a  simple  linear  oaclllator  subjected  to  a  given  Input  motion.  From 
the  many  response  spectra  that  have  been  detezmlned  for  ground  shock  motions, 
the  response  spectra  can  be  described  In  a  relatively  simple  way  in  terms  of 
only  the  maximum  values  of  the  ground  particle  displacement,  velocity,  or 
acceleration.  9o  do  so  we  make  use  of  a  logarithmic  plot  of  maximum  velocity 
(or  really  the  circular  frequent  times  the  displaeament  called  the  pseudo- 
velocity)  versus  frequency,  as  in  Fig.  5-$.  Diagonal  lines  drawn  on  the  plots 
represent  constant  values  of  dlsplaessMnt  or  acceleration,  and  consequently 
one  can  read  ftom  the  one  plot  values  of  the  acceleration,  pseudo-^loelty, 
or  displacement  response  spectra  for  a  system  having  a  particular  frequency. 

She  shock  speetm  shown  In  Fig.  5*5  le  typical  of  such  spactra  for  earth 
shock.  It  is  noted  that  the  spectrum  consists  of  three  stral^t  lines  which 
are  actually  bounds  to  the  actual  spectrvai,  determined  as  follows.  For  a  more 
coicplete  discussion  of  the  theory  upon  which  the  spectrum  concepts  are  based 
see  Ref.  15. 

For  the  particular  point  and  direction  of  motion  considered 
determine  from  the  preceding  discussion  the  i>UHclgwB  values  of  displacement, 
velocl^,  and  acceleration.  'Xhen  draw  the  speetrm  bound  for  the  system  ly 
the  use  of  three  stral^t  lines: 

A.  A  line  perellel  to  the  lines  of  constant  dlsplaoesMot, 
draiwa  with  a  maiprltude  eq*.<ol  to  the  maximusi  displacement. 

B.  A  line  constant  velocity  dram  with  e  aegiituda  of 
1.5  times  the  maxlmut  velocity. 

C.  A  line  parallel  to  the  llr.ee  of  constant  eoeeleretlon, 
dram  with  e  magaltude  eqMel  to  the  maximui  eeoelereMon. 

Sie  heavy  apeotrus  lines  la  Fig.  5-5  ere  consistent  with  e  typical 
set  of  cundltions  at  or  near  the  ourfece  for  s  bomb  la  the  KT  range,  with  e 
soil  having  an  acoustic  velocity  of  about  SOX)  ft.  per  sec.,  with  an  over- 
preeeure  of  £vX)  psi,  and  a  yield  of  about  6  NT.  Alwo  shown  Is  the  spectnu 
bound  corresponding  to  the  100  ft.  depth.  The  values  of  displacement, 
velocity  end  eeeeleratloo  uaed  in  sketching  these  bounds  eorrerpord  ♦o  the 
computations  described  in  8BCT1U3I  5.4.1t  and  listed  In  Table  5.S.  thr 

plot  It  can  be  seen,  fbr  exea^le,  that  the  rvcilmum  respon.**  o*'  .  piece  of 
eqtilpsMat  having  e  frequency  of  S5  cycles  per*  second  would  be  C.50  in.,  with 
e  maxlam  aeeeleretlon  of  25  g  at  or  near  the  surface. 

For  e  discussion  of  reeemmended  bounds  la  oases  Involving  trans- 
selsmie  and  subeelsmlc  ooaditions  refer  to  BKTIlQi  50.4,  and  fOr  esses 
involving  combined  random  end  systsmetlc  pulses,  refer  to  8SCTXCN  50.7* 
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5. 4.. 2  Shock  Movinting.  This  section  Is  concerned  with  the  prohlem 
of  attachment  of  equipment  (me^anicalj  electrical,  hydraulic,  etc.)  to  the 
protective  structure.  The  equipment  must  remain  attached  throuc^out  a  blast 
and  must  function  in  the  post^blast  state.  It  is  obvious  that  the  attachments 
must  have  sufficient  strength  to  transmit  the  fbrces  ^Ich  are  associated 
with  the  equipment  accelerations  and  with  the  relative  distortions  of  struc¬ 
ture  and  equipment.  The  stiflhess  of  attachments  must  be  considered  not  only 
in  relation  to  its  Influence  on  the  magnitudes  of  transmitted  forces  but  also 
from  the  point  of  view  of  possible  limits  of  acceptable  relative  displacements 
of  equipment  and  structure. 

Since  the  problem  relates  to  the  mounting  of  equipment,  father  than 
to  the  articulation  of  major  structural  ccsiponents.  It  can  be  assumed  that  the 
attached  mass  is  relatively  small  in  comparison  with  the  mass  of  the  stmcture. 
It  follows  that  the  attachment  forces  are  negligible  in  comparison  with  the 
direct  effects  of  the  blast,  and  the  uioticn  of  ihe  structure  is  nearly  inde¬ 
pendent  of  the  forces  transmitted  tbroujd^  the  attachments.  Notion  of  the 
structure  is  taken  as  the  basic  input  for  which  the  mounting  must  be  designed. 
These  input  data  must  be  obtained  from  an  analysis  of  the  response  of  the 
structure  to  ground  shock  and  air  blast,  or  must  be  assvmed. 

Naximua  accelerations  or  displacements  ^ich  can  be  tolerated  by 
the  equipment  must  be  known  or  computed.  Vbr  eoBq>lex  items,  such  as  electronic 
equlpMnt,  this  Information  should  be  supplied  by  the  manufacturer.  The 
pemissible  accelerations  and  diatortlona  of  many  other  iteam,  such  as  piping, 
ductwork,  machinery  bases,  etc.,  oftem  can  be  Investigated  directly  ^  the 
mounting  desi^ier. 

A  much  more  detailed  dlaeussion  of  deilipi  to  resiat  ground  shock 
motions  is  given  in  SICTIOH  ^.8. 

Provision  for  Belatlve  Distortion  of  iQuitmeat  and  Structure. 
When  equipment  must  be  connec.ed  to  the  structure  at  two  or  more  points,  and 
whan  significant  relative  displacements  of  these  points  are  anticipated,  the 
capacity  of  the  equipment  and  attachmenta  to  accooaodate  such  displacesMnts 
must  be  investigated.  Cases  of  this  kind  are  not  limited  to  the  obvious 
situation  in  which  the  equipment  is  attached  to  tvc  structures  having  in¬ 
dependant  motion  components.  Quite  often  str\Mtures  are  deaisaed  to  undergo 
subatantial  distortion,  particularly  in  flexural  modes.  A  few  examples  are 
shown  in  Pig.  5-6;  in  each  exmaple,  points  a  and  b  w  iorgpa  aignificant 
relative  displacementa.  '^\ie  displacement  may  be  wither  elastic  or  alastic- 
plaatie.  If  some  plastic  distortion  is  anticipated  Its  magnitule  may  oe  veiy 
sensitive  to  small  ebangis  in  thw  asstsMd  loading  on  the  atructxtre.  7i'  this 
is  the  eaae  relative  diaplaeemsnts  should  be  cosvuted  on  the  «.Rr  of 

maxljaua  etruetural  distortion;  i.e.,  dlstortlOB  corresponding  to  oonditloas 
when  the  strueture  is  at  the  point  of  eollepee. 

It  should  be  eapheslMd  thnt  relative  displacement  of  ettedaent 
points  aey  be  eecommodated  by  elestio  or  elastic -plsstic  distortion  of  the 
« quipmeut,  by  fTexible  Joints,  slip-couplings  or  other  devices  ineorporeted 
in  the  equipment,  by  elastic  or  elastic -plastic  distortion  of  the  attachment, 
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or  by  some  combination  of  these  factors.  It  may  be  quite  unrealistic  to 
attempt  to  supply  all  of  the  required  accommodation  In  the  attachments.  In 
the  case  of  piping  or  condiU-t,  for  exanqple^  provision  of  bends  or  loops  rather 
a  straight  run  betveen  the  connected  points  may  permit  the  entire  relative 
motion  to  be  absorbed  by  flexural  dlatortlon  of  the  pipe. 

5.4.4  Hature  of  Blastjp  aYiotmii  Oomprlsed  of  Mounted  Equipment. 

In  general  any  piece  of  mounted  equipment  eomprisea  a  multl-degree>of •freedom 
elastic  system  (or  elasto •plastic  system)  ^icb  responds  to  the  motion  of  Its 
siqpport  points  (points  of  attachment  to  the  structure).  If  the  equipment  Is 
so  connected  to  the  structure  that  relative  distortions  of  the  structure  can 
be  aeconsaodated  without  serious  stresses  in  equipment  end  attachments,  a 
desirable  condition,  the  stresses  in  the  equlpnent  and  forces  transmitted 
through  the  attachments  will  be  primarily  a  function  of  accelerations  of  the 
equipment.  Ihe  major  problem  of  anelysie  thua  is  the  determination  of  equip* 
ment  accelerations.  The  products  cf^  equipment  messes  (concentrated  or 
distributed)  and  corresponding  aucclei-ations  represent  a  leading  for  ^ich 
the  corresponding  stresses  and  support  forces  can  bu  found  by  conventionul 
methods  of  stross  analysis. 

Every  system  has  many  degrees  of  fresdom  and  corresponding  modes 
of  motion,  and  the  total  motion  la  comprised  of  the  sum  of  ths  responsas  In 
each  node.  Ibrtunately  most  systems  hare  only  a  very  f»v,  easily  recognised 
modes  of  predominant  sigeifleanee  vhieh  eont.'ibuta  most  of  the  response  to  a 
specified  direction  of  support  motion.  Conauquently,  it  usually  is  suffieient 
to  determine  the  response  in  each  (often  only  one)  of  theae  predominant  modea. 
When  it  la  deemsd  uacessezy  to  determine  the  response  In  more  then  one  mode, 
advantage  should  be  taken  of  the  feet  that  peak  values  of  etreesee  tad 
reaotioas  in  the  separate  modes  art  unliksly  to  ooeur  slmoltaneously.  Zhui 
ths  combination  of  valtma  from  tha  aaparata  modas  should  be  based  on  probe* 
bility  oonsldaretloa. 

In  soma  inatences  tha  flaxlblllty  >f  e  plaoe  of  aquipeent  and  its 
ettaoLments  may  be  limited  almost  antirely  the  letter.  Thie  vould,  for 
example,  be  the  ease  if  an  aleotric  aotor  vere  attaehad  to  the  structure  by 
rtlatively  soft  spring  mountings.  other  cases  tha  ettaehaenta  may  be  vary 
rigid  and  the  equipment  may  be  rtlatively  fl  'xllle.  An  example  of  the  latter 
would  be  piping  having  a  relatively  email  reMo  of  dlMMter  to  dietsnee 
between  points  of  support. 

m  many  instanoes  for  idiieh  tha  eq  .ipment  has  a  mass  distributed 
over  coosldei-able  Icn^,  or  area,  it  le  cci;  anient  to  approximate  tne  die* 
trtbuted  mees  by  one  (or  e  few)  maea  coiKeatrationa. 

5.4.5  Oealan  of  Hxated  iouiiaeat  to  Itesiii  Shock.  In  a  typical 
ease,  an  unJergroumd  structure  may  be  considered  to  move  with  the  ground  in 
eecordance  with  the  free-fleld  motions  at  or  near  the  base  of  the  atruoture. 
Oonaidar  a  altuntlon  where  the  motions  are  such  as  to  lead  to  the  reeponae 
speetr.wi  for  desi^  shown  in  Fig.  5*5.  If  a  piece  of  equipment  le  be 
mounted  la  the  structure,  the  cqulpnant  must  be  designed  (br  the  motions  it 
woula  reeelve.  This  response  la  determined  by  ihe  frequency  of  Uie  ayatest 
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composeu  of  the  piece  of  equipment/  Its  mounting  bracket  or  connections/  and 
the  part  of  the  structure  to  uhleh  It  Is  attached.  Ixi  general  the  structure 
Is  rigid  enoui^  so  that  all  parts  of  the  structure  halve  the  same  notions  and 
consequently  the  Input  motion  for  uhleh  the  equlpsMnt  Is  to  be  deslffied  Is 
the  free-fleld  earth  motlcn. 


If  the  equipment  Is  a  heaivy/  compact  element  mounted  on  a  bracket/ 
one  must  make  an  estimate  of  the  natural  ftmquenoy  of  the  systen.  It  vUl 
be  possible  In  most  cases  to  assiM  that  the  point  of  attachment  of  the 
bracket  to  the  vail  of  the  structure  Is  a  fixed  point  of  support.  Then  from 
Lhe  flexibility  of  the  bra<dtet  and  the  of  the  supported  one 

can  compute  the  natural  ftreqtwzwy.  this  can  be  estimated  f^ly  veil  by 
determining  vhat  the  defleetlon  of  the  system  vould  be  In  the  direction  of 
motion  due  to  a  force  equal  to  the  uei^t  of  ^  supported  element.  If  this 
deflection  la  then  the  frequency  f  la  approximately: 


f  • 
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vhere  g  la  the  acceleration  of  gravity. 

fbr  example/  eonalder  e  piece  of  equipment  idileh  vlth  Ita  attech'- 
aent  platea  and  bolts  valghe  1000  lb./  bolted  to  e  plate  vhleh  Is  valdad  to 
the  fiancee  of  teo  channels/  and  attached  to  the  vail  of  a  strueUum  as  shovn 
In  rig. 


lhe  ohsnnele  have  a  veb  Ihlckneea  of  0.$1  la.  end  n  set  ballot  of 
veb  of  11.0  la.  tte  eprlag  ooastsnt  for  the  too  QhSBnele/  emdi  1  ft .  long/ 
considered  as  defleotliig  vtthout  end  rotation/  beesnea  of  tha  fixity  of  the 
veb  by  the  flanfsa/  any  be  oosputed.  She  deflection  due  to  a  vri|0xt  of 
1000  lb.  Is  found  to  bo  O.Ole  in.,  mad  by  use  of  Iq.  (5*18)/  one  obtains 

f  86.5  eyeles  par  sse. 

Qm  nsilnw  stntie  stress  in  ths  veb  from  flexuare  Is  5500  psl. 

Woir  ths  isput  data  given/  It  Is  .fosnd.  txum  rig.  5-5  that  ths 
seoslmrstien  respoasa  at  a  ftmqusncy  of  86.5  eyelma  is  shout  y>  g.  fblm 
aasas  that  ths  squlpmmst  nsss  vtU  bs  suh>etsd  to  a  seoalsratlon  of 

50  g  and  it  also  mssns  that  ths  bcastet  vlll  hsars  a  strsea  of  50  tlmss  ths 
stress  oosgutsd  for  ths  eei|0»t  of  ths  squipmant,  or  159»000  psl/  la  addition 
to  tha  static  stress/  or  a  total  of  shout  X6t/000  psl.  9m  braohet  is  elaarly 
orsrstrsassd. 

Xt  is  set  nscsssarlly  trms  that  strsiH[thsslBg  ths  brsctet  uill  vorfe 
vlth  fall  effhettvemsas  la  ledueiag  ths  stress/  besMss  adding  to  the  ctrength 
at  the  esme  time  edde  to  the  stiffhssi  and  mttrmsts  mors  teres  of  ths 

iwnssqssmt  imsremual  aseeXarmtloms  response,  ter  example/  the  nuhber 

of  nhsamel  sivporto  Inffresses  the  tesgusmoy  to  57*6  oyelse  per  seoood/  and 
gives  m  aresAsretion  rsspomss  of  bhg/  vhleh  results  la  a  stress/ 
statle  stress/  of  185/0C<0  pel. 
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On  the  other  hand,  if  the  bracket  vere  subjected  to  an  input  action 
only  one-fOurth  as  great,  the  apectrjs  response  values  would  be  decreased  to 
one-fourth  their  value  from  Fig.  3-^,  and  the  net  stress  would  correspond  to 
an  acceleration  of  about  7«5g>  or  to, 000  psi,  plus  the  static  stress  of 
S300  psi,  idiieh  probshly  would  be  acceptable. 

For  more  detailed  discussion  of  shock  mounting  of  various  types  of 
equipment,  piping,  etc.,  reference  should  bu  made  to  Refs.  6  and  1^,  ^ich 
give  examples  of  several  types  of  mounting.  Also,  additional  discussion  of 
this  problem  is  given  in  APF''’!Iil>IX  particularly  SECTION  ^C.6. 

Li  general.  It  la  desirable  to  provide  as  much  flexibility  in  the 
mounting  as  possible  without  sacrificing  strength,  in  order  to  keep  the 
respoc?.e  as  low  as  possible,  both  for  the  equipment  and  the  mounting  itself. 

Design  Stresses  In  dhocS:  Mountiagg.  If  the  forces  transmltred 
throu#  the  attachments  are  determined  on  the  basis  of  elastic  behavior  it 
should  be  safe  to  proportion  the  attachments  for  yield  stresses  at  peak  trans¬ 
mitted  forces.  If  brittle  materials  are  avoided  the  plastic  distortion  snrall- 
able  generally  will  be  substantially  larger  than  the  elastic  distortion  vhieh 
occurs  up  to  the  point  of  yield.  Consequently,  actual  fracture  is  not  likely. 

It  in  not  feasible  to  recongnend  general  stress  levels  for  use  in 
the  equipment  itself  since  these  depend  on  the  function  of  the  equipsmnt  and 
the  extent  to  which  that  function  would  be  Impaired  by  large  strains.  For 
those  items  Involving  ductile  materials  end  'dtere  plastic  strains  would  not 
Impair  the  post-blast  function,  yield  values  of  stress  will  be  acceptable. 


3.3  NXUAR  RADimon 


3*5.1  Oeneral.  The  levels  of  nuclear  radiation  for  idxich  an 
installation  Is  to  be  desi^Md  will  be  debenolned  by  means  of  e  target 
analysle  as  discussed  in  SKTKW  Significant  typee  of  radiation  for  pro¬ 
tective  ecnatruction  are  initial  aud  reeidual  gemma  radiation  and  neutron 
radiation*  The  Intaoeitias  of  i  typee  uf  radiation  at  any  point  In  space 
are  functions  of  weapon  yield,  distance,  aeteorologlsal  conditions,  time  and, 
fur  neutron  radiation,  weapon  detlip. 

Tolerable  aecxsnilated  doeee  for  peraonnel  a^'e  dlsuueeed  In  SKTXCffl  h 
along  with  the  vulnerability  of  certain  types  of  equipment  to  nuclear  radia¬ 
tion.  liomolly  only  electronic  equipment  is  vulnerable  to  rucleer  r^ietiun 
end  that  only  to  neutrons.  However,  the  range  of  vulnerability  of 
equiiaent  may  bo  great  depending  on  the  arrfuigsment  of  th*  •'t'*-  .lUy  Mid  the 
type  of  components  used  (transiotore  ere  tepecially  vulnerable). 

3*3*2  Shieldina  Ssaulremanta.  Given  tiM  input  rediatloo  levels  in 
Initial  gamma,  fdllout,  and  neutron,  and  the  eeeeptable  levels  for  personnel 
or  equipment,  the  required  trensnlaelon  factor  or  its  reciprocal,  the  reduc¬ 
tion  or  attenuation  factor,  can  be  readily  determined. 
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5.50  Shielding  Bffectiven^flg,  na»n^  Radiation.  Ihe  effectiveness 
of  various  materials  for  shielding  against  initial  and  residual  gaBma  radia¬ 
tions  lUQr  Vm  dataxntlnad  from  Figs.  5~6  and  5*9.  These  dose  transmission 
factors,  however,  are  for  a  hroad  beam  of  radiation  la^ineing  on  a  thick 
plane  shield  vlth  vezy  large  dimensions  in  the  plane  of  the  shield  and  vlth 
no  nearby  celling,  floor  or  walls  from  which  radiation  may  scatter.  Procedures 
for  detenaining  the  shielding  from  fallout  or  residual  radiation  afforded  by 
above  and  belowgroxmd  structures  are  available  In  Ref.  7.  The  pertinent 
figures  of  Ref.  7  are  included  in  AFPSHDIX  5B  together  with  some  tabular  forms 
indicating  how  the  material  is  used  in  a  calculation  of  the  shielding 
effectiveness  against  fallout  radiation  of  a  given  structural  configuration. 

5.5.^  Bffectiveness.  Beutreii  Radiation.  SSutron  attenua¬ 

tion  la  a  more  cogplex  phenosMnoa  than  that  of  gasM  attenuation,  alnce 
several  phenomena  are  Involved  In  the  fnT*ttr.  first,  the  very  fast  neutrons 
must  be  down  tho  owderateiy  fast  range.  Then  Uie  moderately  fast 

neutrons  have  to  be  decelerated  Into  the  slow  range  by  meanr.  of  an  element 
of  low  atOBd.c  wei^t.  Water  is  very  satisfactory  for  this  purpose  because 
its  two  eoastltuent  eleawnta,  i.e.,  hydrogen  and  oiQrgan,  both  have  low  atomic 
wei^ts.  The  slow  (thermal)  neutrons  must  than  be  ebeorbed.  This  is  not  a 
difficult  matter  einee  the  hydrogen  in  water  will  serve  the  purpoee. 
UhfOrtunately,  however,  moet  neutron  capture  reactions  are  aeeaaqpenled  by  the 
emlesioa  of  gmsaa  rsQra.  Ooneequeatly,  eufflelent  gMaa  attenuating  material 
muat  be  Included  to  minimise  the  eseepe  of  cipture  gamma  r^re  trm  the  shield. 


5.6  TBinUL  RADZmOi 

5.6.1  Qeneral.  Thermal  radiation  ittaaaitiea  from  large  yield 
weapona  are  of  eipcificoQt  levels  for  tha  ranget  at  i4*leh  protaotion  of 
military  Insta’iTatlona  nitf  ba  eoasiderad.  for  exmqple,  at  50OO  ft.  from  a 
1  Iff  aurfaee  bunt  weapon  whan  a  paek  blaat  pnaaure  level  of  about  16O  pel 
would  exiet,  the  total  thermal  aaarcradnlinred  under  weellent  visibility 
cooditiona  would  be  about  1000  eal/cn^.  This  intanuity  indieatea  that  noe- 
conbuitible  aateriala  muat  be  used  for  herdened  ecnetruetion,  end  further 
that  praoeutiona  must  be  taken  to  avoid  sicoificant  loee  of  structural 
aateriala  throu|^  surface  eroelM  from  the  hl^  thermal  input. 

la  afditioa  to  the  iateasive  thtrmsi  radiations  at  poteatisUy 
iutereatlag  diatanees  fron  weapon  detonation  points,  the  eir  tenperatuns 
will  rise  considereh!^  during  the  paefsge  of  the  shock  front. 

5*6.8.  attntritt«  Curves  of  radiant  energjr  vs.  alert 

range  (vulnerability  Radius)  for  various  weapon  yialds  here  prc««oted 
in  fig.  8-18. 

5.6.5  Air  TVwratuns.  Batimntan  of  mswlmwi  air  tmgpsraturea 
in  the  blast  wmrs  have  been  nnde  in  Ref.  17.  for  overpreeauree  of  bo,  100, 
200  and  ^  pel,  the  nnviwm  air  temparaturee  an  givea  thanln  as  about 
hOOPR,  1100^  WOO^  and  15,000^  The  algaiflcanee  of  these  tenperatune 
hae  not  been  eetebllahed. 
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5.6.4  Effect  of  thermal  Radiation.  Tor  the  very  high  radiative 
Inputs  at  the  cl06e>in  ranges,  less  of  material  throuj^  8pajJ.ing  can  he 
expected.  Theoretical  estimates  have  been  made  (see  Refs.  8  and  9)  of  this 
effect  but  the  results  are  not  very  reliable.  The  limited  field  test  data 
that  have  been  obtained  Indicate  that  the  erosion  is  probably  considerably 
less  than  would  be  estimated  from  the  melting  effects  and  temperature  dis¬ 
tributions  that  have  been  computed. 

ITemperature  profiles  for  steel  and  concrete  have  been  estimated 
thccretlcaULy,  (Ref.  8)  for  1,  10  and  20  MF  weapons  at  the  100  psl  range.  It 
Is  apparent  that  high  temperatures  are  confined  to  close  distances  from  the 
surface. 


It  Is  concluded  that,  at  ranges  corresponding  to  blast  pressures 
of  ICO  psl  or  greater,  metal  parts  should  not  be  exposed  imless  erosion  of 
surface  material  is  not  critical.  In  gensrel,  Ihe  erosion  '-•'^d  not  be 
significant  as  far  as  structural  strength  la  concerned  but  :.t  could  affect 
the  operation  of  rollers,  etc.  Spalling  of  concrete  msy  also  be  expected  at 
these  ranges.  Two  inches  of  concrete  should  provide  eufflclent  insulation 
for  metal  parte  at  the  100  psl  range* 

5.7  TTLmt  8I8TBMB* 

5.7.1  General.  This  a-  aion  deals  with  the  selection  and  deslgo 
of  the  utility  eyeteaa  end  bulHli  {  services  whlc)i  are  deemed  necessary  to 
Insure  a  full  operational  capebll!  :y  prior  to,  during,  and  following  en  attack. 
It  It  Intended  to  bring  Into  foeui.  the  technical  and  economical  feasibility  of 
using  wralleble  asehanteal  and  alt  strleal  components  for  the  various  eatefories 
of  hardened  facilities  under  cone:  leratlon,  eud  also  to  review  the  more 
recently  developed  sophisticated  methods  for  generating  electrical  power  end 
their  potential  use  In  conn»-cUon  with  protective  construction.  The  primary 
utUity  systems  aitd  building  eervl;es  covered  in  tins  section  xre  as  follows: 

e.  Electrical  povt  ' 

b.  Heat  sinks 

c.  Air  supply  and  conditioning 

d.  Water  supply 

e.  Fire  protection 

5. 7. 1.1  Oaerftionsl  Condition.  The  studies  end  inveetii^tioos 
required  to  estkblieh  a  basis  Iwr  design  of  the  utilities  end  servlets  re¬ 
volves  around  the  operetloxud  cuadition  of  the  raclllty  prior  to,  lag  anrt 
following  an  attack.  The  Influence  of  the  operational  contIlt<  t 
utUltlee  ehould  be  evaluated  In  light  of  the  following  racto.-s: 

a.  Dsnree  of  Activity.  The  approach  to  a  syetom  daslgn 
Isnrarlshly  «11I  be  steered  in  eecordanee  with  the  degree  of  activity  to  be 
experleaeed  prior  to  and  following  an  attack,  leonoaor  of  operation,  as  e 


*  Prepared  by  Nr.  B.  8.  Oreenficld,  Chief  MKhauical  Suginticr,  Pantooe, 
Brinkerhofr,  4kudr  end  Dougles,  Pew  York. 
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deslgQ  parcmeter^  vmy  override  conpaetneBs  axtd  Bla^liclty  In  the  cue  of  a 
facility  vhlch  must  he  fully  operational  at  ell  tlJOBB.  A  different  posture 
luy  veil  he  tiken  in  regard  to  the  utUitleB  deslgi  for  the  fulllty  vhlch 
vUl  he  exposed  to  prolonged  staodhy  periods  vlth  oztly  a  full  operational 
condition  following  an  attack. 

h.  Button-up  Period.  The  length  of  the  huttoa-up  period  and 
the  requirement  for  a  restored  capahill^  if  any^  will  obviously  affect  the 
type  of  pover  aourcst  water  supply,  heat  sink  and  the  storage  of  consumables. 

e.  Envlronaental  Oonditiona.  following  u  attuk,  the  utilities 
and  services  must  he  eapahle  of  maintaining  the  proper  environmental  conditions 
to  insure  a  hi|^  level  of  personnel  efficiency  and  electronic  equlpswnt  opera¬ 
tion  vlthout  relying  on  outside  support. 

Ihe  loportance  of  establishing  the  operational  condition  of  a  fuilit^ 
for  design  purposes  cannot  he  overeaiphuicea.  It  ic  Inemhent  upon  the  Using 
Agency  in  conjunction  vith  the  design  group  to  foimulate  such  conditiou  at 
the  tine  feuihlllty  studies  are  being  made.  Sane  of  the  more  probable  opera¬ 
tional  conditions  to  be  encountered  are  presented  in  a  Corps  of  Eitgineera 
Design  Muual  (Ref. 

5. 7. 1*2  Level  of  Protection.  The  herdnees  of  e  fulllty.  In 
terns  of  overpressure  reslctenee  and  biological  shielding,  u  it  affuts  the 
configuration  and  depth  of  cover  will  Influence  the  utilities  dealca. 

S.7«1.]S  Oeoaranhlc  Location.  Another  elgnlflcant  futor 
affutlng  ayeten  deslfs  la  the  ellaate  and  gulogle  fomation  that  will  sur¬ 
round  a  proposed  Inetalletioa  which  in  turn  •ovems  the  eonditlone  of  outside 
air  uallahle  for  ventilation  end  dlspoaal  of  heat  rejected  from  power 
generation  end  air  eondltloning  equipaeat.  The  prevcleue  of  underground 
water  and  the  initial  earth  or  rock  teiverature  are  also  dependent  on 
geofraphlc  loeatlon. 

9.7.1.^  COuBialcetlona  Reoulreaentf .  Ihe  nalntenance  of 
rfiml  rat  tons  between  nilltery  fuiUtlee  during  eurgency  periods  is 
Mudatoiy.  Ihla  requires  the  uauranee  of  a  reliable  source  of  power, 
fsnerelly  closely  regulated  in  voltage,  frequency  and  wave  fom. 

$.7.1.$  Shock  lr*nn|n^7*y  Oonalderavioo  nuat  be  given  to 
ground  shock  la  the  design  of  the  utillt.ir.a  and  eervteea  to  insure  the 
functional  survival  of  the  eseentlal  eonpoaenta.  the  degree  of  hardness  to 
be  into  e  epulflc  Inatalletlon  may  req\itre  aolutlcos  whl ni^it 

vary  fren  tha  slnple  appUeatlon  of  ateadard  enoaerelal  vlhrctio.  utoxmxon 
to  tha  use  of  extrenaly  eonplex  pcekaqpis  of  atvportlag  devices. 

$.7.2  Heetrical  Fover.  A  najor  eooeideratlon  in  tha  desi^  of 
a  bnideiMd  laetaUatlan  te  the  aelution  of  the  electric  pover  lyulaa  tdileh 
would  be  beet  aulted  to  Met  operntiooel  reqoljrwMnta.  the  power  require- 
Muts  My  rai^  over  e  epcctnas  of  kilowatts  to  Mgawetts. 


^.7*2.1  BmIc  Oonalderatlona.  Aoy  ianrestlgatlon  of  the 
eppUcsbUl^  of  various  pomr  sources  for  hardened  militaxy  Installations 
should  take  into  account  the  fOlloving  Inportant  basic  considerations: 

a.  Pover  Demand.  The  utilitatlon  of  electric  pover  falls 
into  tvo  main  categories.  One  enccinpassea  the  special  equlpnent  or  "hardvore^* 
nanel7i  eonsninlcatlons,  data  processing  and  launch  facilities.  The  other 
covers  the  support  utilities  and  services.  The  Design  Engineer  must  look  to 
the  Using  ikgency  to  establish  the  ma^iltude  and  characteristics  of  the 
electrical  pover  demand  for  the  ‘hardware "  uhleh  governs  the  detezmlnatlon  of 
the  pover  demand  for  the  support  servicec.  The  latter  is  the  responsibility 
of  the  Deslei  Engineer. 

Since  redundancy  is  coasonly  eoployed  to  Insure  the  operational 
reliability  of  the  "hardvare"  it  la  vitally  Important,  on  tixe  part  of  the 
Using  Agency,  to  apply  deswnd  faet'trs  the  (.onnected  load*.  Fast  experlei'ce 
has  Indicated  that  this  factor  has  not  been  given  proper  ucnslderatlon  vlth 
the  result  that  pover  demands  hare  been  estimated  considerably  hif^er  then 
actually  necessazy. 


b.  Voltage  and  Fkeouency  asgulatlon.  The  ultimate  utillaatlon 
of  the  electrical  pover,  particularly  for  electronic  equliaent,  amy  re<{ulre 
close  voltage  and  frequency  regulation.  Indeed,  eueh  criteria  may  dletata  the 
naed  ftr  apeclal  ragulatory  eontrola  and  the  uae  of  non-atandard  alternators 
and  axellora. 


e.  girvl«re  Internttioas.  It  la  axtramaly  important  to 
aatabllsh  critical  loada,  that  la,  equliiMmit  and  aarvlea  ehieh  caar.jt  tolwate 
an  laterruptloa  of  pownr  atvply*  Kxi^lanea  hat  thovn  that  alaetronle  aqolp- 
mant,  pvtlcularly  that  ualng  *'aou'ai  tuibea,  asy  auffar  or  malfVMtion 

in  tha  event  of  a  relatively  short  ti'se  Interruption  of  pover  aupply* 

d.  CanreicI  h>ve>'.  In  the  conaideratlon  of  possible  pover 
•ources  for  asy  apecific  fbullity.  particularly  If  located  In  the  OblteA  Statea, 
the  mral lability  of  tha  vaat  inter  :oajacted  cosmerclal  publl?  utility  natvoih 
la  atriklagly  evident.  Bovever,  peculiar  to  ary  cowerclal  pover  eource  la 
tha  ectaaalve  ayatam  of  overhead  distribution  lines  vhleh  are  auaeeptlble  to 
feulta  eauaed  by  atotma  of  aabotagt-.  Ih  acme  Inatanees  the  character  of  the 
power  cepable  of  deliwy  to  the  f-iclllty  dose  not  rest  the  tiringsut  voltege 
and  fraquaney  requlremanta  which  m^r  be  isqpoeed  by  special  electronic  equipment. 
Itille  it  la  true  that  tl.  tra  may  be  10:4:  periods  of  stsad«by  or  alert  operationa 
during  which  ooaaldaratioa  could  be  given  to  the  use  of  eoGmcrciel  y'vcr.  it 
must  be  recognised  that  fbllovlag  an  nttnek  a  hardaned  faelllt.v  amet  be  I*' 
sufficient  wd  conaoquantly  a  pqtutccted  piratr  eource  nt  capacity 

to  laaura  a  powar  supply  for  the  e  Itical  loads  anst  be  arallabla.  If  a 
sl^dfleant  pertlon  of  tha  alaetrleal  pover  *—?»«*  is  raqulrad  for  tha  opara* 
tlnn  of  erttlaal  olootrooio  and  bnildlng  oamea  looda,  then  the  uso  of  corn* 
Mrelal  powar  baeots  laaa  attrasUvo.  dawaml  atadlaa  hava  baaa  a^  for 
apaeifle  laatallatlona  la  which  critical  loada  ware  pradoalnant.  Theae  atadlaa 
hare  ladlaatad  that  it  la  far  aore  aatUfaetory  «d  iaeldantally,  alao  aoxa 
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economical^  to  provide  a  generating  plant  vlthln  the  Installation  Itself  to 
serve  all  the  load  and  eliminate  uxty  connection  to  a  coomerclal  pover  source 


5-7»2-2  Boner  Ganeratlnfr  Plant.  Uie  selection  tod  design  of 
a  pover  generating  plant  to  he  installed  In  the  protected  area  of  the  -  clllty 
should  take  into  consideration  a  number  of  factors  idilch  res\il-c  from  the  fact 
that  the  facility  must  operate  in  a  button-up  status,  ihese  factors  are: 

a.  Heat  Re.iectlon.  ^a  problem  of  dissipating  ejected  heat 
resulting  from  the  thenao -dynastic  cycle  and  mechanical  inefficiencies  has 
been  a  persistently  difficult  one  to  overcome.  Shis  Is  particularly  true  for 
ths  button-up  period.  Ihe  rejected  heat  and  the  manner  in  idiieh  It  manlfeats 
Itself  has  a  aigpclfleant  effect  on  the  cost  of  the  over-all  utility  system 
by  virtue  of  Its  Impact  on  the  heat  sink.  It  mtff  be  that  povar  aourcoa  \diich 
are  initially  more  costly  can  be  Justified  on  tbe  basla  of  overriding  costs 
of  providing  a  haat  dlapoaal  ayatev  Zh  tala  connection  cons  i  deration  should 
be  given  to  the  possibility  that  the  rejected  heat  can  be  put  to  useful 
purposes. 


b.  g^evatton.  The  gsographlc  location  of  the 
InstaHatloo  vUl  determine  ita  elenratloa  above  sea  level,  and  this  sdi^t 
sl9J.fleantly  affect  the  performance  of  pover  sources  using  a  fuel -air  com¬ 
bustion  cycle,  fbr  example,  a  two-cycle  diesel  engine  or  an  open-oyele  gas 
turbLM  must  be  de-rated  according  to  its  elevation  above  sea  leval. 

c.  apparent  that  a  pover  source  employing 
a  fuel-sir  combustion  cycle  must  cfunteate  with  tbe  outside  absosphere  for 
air  Intake  and  eidkauBt.  Oonaaetlooa  to  tbe  surface  ganaraUy  involve  a  larga 
aiqpendlture,  particularly  in  the  case  of  deep  undargrounl  facilities  and  thay 
introduce  a  potential  weak  spot  In  tbe  Integrity  of  en  othemlae  vail -protected 
fecUlty.  Skis  coBvlderatira  varrents  a  thorou^  Inveatigatloa  of  tha  uat  of 
pover  sourcea  Indapendant  of  outside  air  for  combustion. 

Huepdpess.  Ibe  apparent  tendency  toward  the  protection 
of  facllltlee  egnlast  the  detoontlcn  of  extremely  islgb  yield  weapons  brings 
Into  focus  tbs  sbUlty  of  power  gsneratlng  s^kilpmert  to  withstand  vibrations 
resulting  ftom  alr-indured  or  ground-transmitted  shock.  It  viy  be  that  shock 
laolatlng  supports  will  have  to  be  ueea. 

Oomnectaeaa.  power  to  voIum  ratios  are  especially 

daalrable  for  cut  and  cover  tzketa}latfcn<«  where  coiutructisM.  ctZ  h»>l 
epeoe  involves  large  expendlturaa.  On  the  other  hand,  In  deep  uudergro  rvd 
facilities  tbe  cost  of  excavating  additional  chanber  space  tar  p'vcr  gvnera  * 
tion  ecaponenta  ie  not  nearly  as  critical. 

f.  fuel  Saaoly.  A  anjmr  problen  for  oonaideratioa  In 
oonneetion  with  power  genetmtlng  equlpemat  le  the  cupply  end  storage  of  fuel, 
portienUrly  fbr  use  during  tbe  butVw-up  period.  Ibe  ebiliVy  to  utUiae 
different  typea  of  fuel,  for  Inetanee,  a  dlwael  angtne  «bleh  can  be  switched 
froa  gae  to  fUel  oil  and  vice  versa,  mqr  present  decided  sdvantegsa.  Zt  la 


evident  that  a  power  aoitrce  »d»ich  would  not  require  continuous  fueling  has 
decided  advantages  In  this  respect,  on  the  other  band,  such  a  power  source 
generally  Involves  hlg^  Initial  coat. 

g*  Operation  and*  Mitintenance.  It  Is  evident  that  power 
sources  \dilch  are  less  complex  and  require  fewer  avixlllarles  with  a  corre¬ 
spondingly  moderate  complement  of  spare  parts,  can  more  readily  be  maintained 
with  normally  competent  personnel.  In  instecjces  \A\orc  the  facility  Is  located 
In  a  remote  area,  this  could  be  a  decided  advantage.  Obviously,  a  power 
sotirce  whicli  Is  fully  aut(xnatlc  and  therefore  can  operate  unattended.  Is 
highly  desirable.  Eovever,  this  Is  not  generally  feasible,  axxd  a  plcnt  that 
can  be  operated  by  personnel  not  hl£h^  skilled.  Is  ustially  an  aeceptahle 
conqpromlse. 


h.  Initial  and  Operating  Costs.  While  It  Is  true  that  these 
factors  ere  of  Importance  In  the  rinal  dstexmlnntion  of  any  power  soxrrce, 
power  plants  that  may  not  be  economically  competitive  In  themselves  In  some 
instances  can  be  Justified  on  the  basis  of  overriding  operational  advantages. 

It  is  essential  that  these  factors  be  closely  welded  in  the  selection  and 
design  of  the  power  generating  plant. 

5.7* S.3  rtj  amative  Power  Generation  Equipment.  Consideration 
of  the  basic  requirements  llscussed  above  should  lead  to  an  Investigation  of 
the  various  types  of  power  generating  equlpn»nt  \dilch  are  now  acvailahle. 

These  Incliide  the  vise  of  c veutlonal  prime  movers,  such  as  diesel  engine  and 
gas  turbine  combined  with  altomators  and  more  recently  developed  power  sources, 
such  as  nuclear  reactors  ar‘d  f*  "1  cells. 

a.  Diesel  Engine  Plant.  One  of  the  most  comaon  arrfi  versatile 
types  of  power  sources  eng)?  oys  a  d  es-.  i  eDgln«>  prime  mover  driving  an 
alternator.  Standard  cowaerclal  d  .et.>  ..  generator  units  ue  ayallable  In  a 
varle-^  of  sizes  to  the  extent  nha .  singly  or  In  multiples  they  could  satisfy 
the  requirements  of  practtca.Jj'  al  .  categories  of  hardened  facilities. 

Althovi^  the  thermal  efflilenc;  Is  sui.  ;«ct  to  Ca:*not -cycle  limitations, 
efficiencies  On  the  order  of  50^  t-  •  can  be  expected  even  In  the  smaller 
size  plants.  The  engines  can  oper  to  equallj'  well  'islng  either  liquid  or 
gaseous  ibiels  or  a  comblr.atlon  of  th.  Surface  connections  are  required  for 
combustion  air  Intake  ai;d  the  exha  st  cf  combustion  gases.  Fortunately  a 
significant  percentage  of  the  c  heat  can  be  ejec+ed  alonr  with  trie 
exhaust  gases.  However,  about  one-third  of  thu  hea.  input  must  be  dissipated 
to  a  heat  sink.  If  ebullient  cool inn  <^f  the  engine  Jackets  Is  adopted, 
rejected  heat  In  the  fo  m  of  low  pressure  steam  can  be  vented  to  the  atmo¬ 
sphere  \dilch  would  slgnxflcantly  reduce  the  lead  Imposed  on  the  he«»l  sink. 

A  study  should  be  made  to  determine  the  ecor.omlc  feasibility  recovering 
some  of  the  rejected  heat  either  in  the  form  of  hot  water  or  stesn  for 
heating  and  absorption  refrigeration.  CSonslderetlon  also  should  be  given 
to  the  utilization  of  svqperchargers  to  correct  de-ratlng  for  hlg^  geographical 
locations  above  sea  level.  Table  presents  some  of  the  salient  character¬ 
istics  of  a  medium  size  diesel  electric  plant. 


b-  Open-Cycle  Gaa  Turbine  Plant.  For  this  type  of  power 
generating  equipaent,  two  types  of  cycles  appear  to  be  tbs  most  applicable, 
namely,  a  simple  cycle  with  zero  regeneration  and  an  80^  regenerative  cycle. 

A  third  type  of  cycle  utilizing  a  conibinatlon  gas  turbine-steam  turbine 
cycle,  although  somewhat  ii»re  efficient  than  the  QOfL  regenerative  cycle,  is 
considerably  more  cooqplex,  which  generally  overrides  the  advantage  of  savings 
In  fuel.  Even  with  the  limited  range  of  sizes  available,  gas  turbines  can 
be  considered  adaptable  to  the  power  requirements  of  the  majority  of  instal¬ 
lations  \mder  consideration. 

Cycle  efficiencies  of  gas  turbines  range  from  l^jl  to  2?^.  The  units 
can  operate  equally  veil  on  either  liquid  or  gaseous  fuel.  One  extremely 
desirable  feature  of  the  turbine  cycle  is  that  the  heat  rejection  problem 
18  less  severe  ir.  that  almost  all  the  cycle  heat,  except  for  useful  work,  is 
ejected  along  with  the  exhaust  gases.  This  advantage  becomes  less  evident 
if  heat  recovery  devices  are  found  to  iiave  practicable  application  for  beating 
and  absorption  refrigeration.  The  principal  disadvantage  of  tlie  turblxia  cycle 
is  the  enorroxis  demand  for  air,  with  resulting  large  expenditures  for  surface 
connections  and  blast  closures.  Air  Inditctlon  losses  and  exhaust  baclqpressures 
resulting  from  the  dynamic  losses  of  air  passing  through  long  shafts  or  tunnels 
and  across  bl^st  closures  may  significantly  de-rate  the  turbine .  Booster  faxis 
could  be  used  to  minimize  these  effects,  but  of  course,  they  require  additional 
pover  for  operation.  Oe-ratlng  due  to  altitude  is  an  Inherent  disadvantage  of 
the  turbine  cycle  and  cannot  be  corrected  by  the  use  of  supercharges  as  in 
the  case  for  diesel  engines.  While  turbines  possess  a  greater  power  to  weight 
and  power  to  volume  ratio  than  diesel  engines,  this  factor  must  be  evaluated 
against  the  other  disadvantages.  (liefer  to  Table  for  conqparatlve 
characteristics . ) 


c.  nuclear  Power  Plants.  The  requlresmnt  for  atmospheric 
air  to  support  the  combustion  cycle  for  fossil  fuel  fired  power  plants  will 
generally  Introduce  large  expen'^ltures  for  surface  ccxmectlons  and  blast 
olosiures.  In  fact,  when  considering  protective  construction  to  resist  blast 
effects  from  surface  overpressures  in  excess  of  1000  psi,  the  design  of  large 
closures  may  present  problems  beyond  the  present  "state  of  the  art".  For 
facilities  which  require  resistance  to  such  high  overpressures,  and  recog¬ 
nizing  that  with  chemical  air  revivification,  personnel  could  subsist  for 
extended  button-tg>  periods  without  outside  air  (Ref.  $>7~2),  the  generation 
of  power,  partiojlarly  for  large  facilities,  by  other  '*'han  alr-v.spirating 
devices,  warrants  investigation.  It  appears  therefore,  that  thermal  energy 
produced  by  nuclear  fission  should  be  gioen  consideration. 

TSiere  are  many  reactor  types  which  use  nuclear  source  mcteria}  and 
some  have  pronlse  of  civilian  and  military  application.  y^Joi  c-aesificatlons 
of  reactors  under  extensive  study  at  the  present  time  include  water-cooled, 
gas-cooled,  organic  and  liquid  metal  cooled  reactors.  While  the  technical 
feasibility  of  pover  production  for  a  number  of  different  types  of  reactors 
has  been  demonstrated,  the  cost  of  generating  the  pover  still  remains 
relatively  high.  In  addition,  the  increased  requirement  for  beat  absorption 
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presents  a  problem,  the  solution  of  which  might  be  rather  costly.  However, 
as  a  potential  power  source  for  hardened  facilities  where  protection  is  i>ara> 
mount,  nuclear  energy  has  tbs  unique  characteristic  of  nomlependence  on  fuel 
and  crabustion  air  and  perhaps  the  over-all  protection  may  override  the 
higher  capital  and  operating  costs. 

The  nuclear  power  projects  presently  under  sttidy  and  construction 
by  the  Military,  are  adequately  covered  In  two  papers  (Ref*  5.7-3  '(nd  5*7-^}* 
It  is  noted  that  pressurized  water  reactors  predcsnlnate,  followed  by  gas- 
cooled  reactors.  Ibe  pressurized  water  reactor  is  representative  of  the  type 
that  generates  steam  for  use  with  a  oozrventional  turbine  generator  unit.  For 
this  type  of  equipment,  the  plant  is  considerably  more  coiiq>lex  than  either 
the  conventional  diesel  engine  or  gas  turbine  plants  previously  discussed. 

The  gas-cooled  reactor  is  used  in  conjunction  with  a  closed-cycle  nitrogen 
or  helium  gas  turbine.  It  can  be  made  quite  einple  but  such  slspllclty 
sacrifices  thermal  efficiency*  The  over-all  energy  conversion  for  both  types 
is  limited  by  Camot-cycle  efficiency. 

The  design  should  contemplate  an  underground  heat  sink  developed 
within  the  protected  area.  In  tl»  ease  of  an  extended  button-vq;>  period,  the 
magnitude  of  the  problem  becomes  apparent  in  that  751^  to  80^  of  the  thermal 
power  the  reactor  manifests  itself  as  rejected  heat.  Ojperatlng  procedures 
and  the  eiBpl<^ment  of  certain  auxiliaries  basically  altering  the  tenperature 
level  of  the  heat  rejection  process  could  minimize  heat  sink  requirements  but 
at  some  sacrifice  of  plant  efficiency. 

As  an  il''istzatlon  of  tl  Ke  problem  an  analysis  of  the  hea**  balance 
of  an  applicable  nuclear-: •'‘•earn  pov..r  plant,  the  FM-I  (Bef .  5*7’’5)  producing 
one  megawatt  of  net  electric  power  follows.  (Refer  to  Fig.  ^-10  fer  cycle 
diagram.) 


During  operation  prior  to  an  attack,  the  reactor-turbine  plant 
might  operate  with  initial  steam  conditions  of  280  PSIA,  an  exhaust  of  6” 
of  Hg  absolute,  a  heat  source  of  7  ^  megawatts  (reactor  power),  and  a  heat 
rejection  of  5*3  megawat^a.  The  b ‘at  sink  would  lie  outside  air  and  the  bMit 
rejection  equliment  would  consist  f  a  standard  tubular  surface  condenser  and 
cooling  towers  or  spray  ponds  loca^d  near  the  protected  facility  at  grade 
level.  The  blast  effects  of  a  wet,  jon  detonation  wot'td  therefore  arender  them 
functionally  Inoperable,  requiring  an  underground  water  storage  reservoir  to 
serve  as  a  hardened  beat  sink  during  the  attack  and  post-attack  periods. 

With  water  stored  Inltledly  at  40^  and  ali.owed  to  r^:  *'Ch  a  an^ucimix* 
temperature  of  l60^,  the  heat  rejected  per  pound  of  ii:.bine  exhaust  flow 
would  be  approximately  887  B.T.U.  at  an  average  condensing  temperature  of 
120^.  The  heat  ab80i*ptlon  capacity  of  the  water  reservoir  would  be  approxi¬ 
mately  130  B.T.U.  per  poiuxL,  assuming  some  beat  transfer  Into  the  surrounding 
ground.  Accordingly  for  each  pound  of  exhaust  steam  flow  through  the  con- 
'ienser,  roughly,  6.8  lbs.  equal  to  O.IO9  cu.  ft.  of  water  would  be  required. 
For  the  production  of  one  net  megawatt-hour  of  electrical  energy,  luaierground 
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water  storage  of  18,500  gallons  is  indicated.  It  Is  evident  tbit  this  heat 
rejection  cycle  would  require  an  extreoely  large  reservoir  capacity  for  any 
sustained  but ton-tqp.  period. 

A  large  reduet i<»i  In  the  water  storage  arequlreuent  cotild  be 
effected  by  peivlttlng  the  turbine  to  exhaust  Its  steaa  to  the  atmosphere 
following  an  attack,  (grating  luader  this  condition  only  feed  water  would 
need  to  be  stored.  At  hle^r  exhaust  back  pressures,  plant  efficiency  de> 
creases  resulting  In  a  thennal  power  Increase  from  to  11.5  isegawatts, 
with  feed  water  at  6o9f.  The  required  water  storage  for  the  production  of 
one  megawatt  per  hour  of  electrical  eiMrgy  would  be  4040  gallons.  This 
scheme  however,  introduces  an  element  of  vulnerability  in  that  it  requires 
a  breach  to  the  surface. 

Still  another  alternative  heat  rejection  process,  which  does  not 
require  a  breach  to  the  surface,  might  b£i  eis(pl&yod.  The  principal  ecxqponenu 
of  the  process  Is  a  bariusetrlc  type  coudeuser  located  adjaceit  to  the  turbine. 
The  turbine  exhaust  steam  and  water  fr^  the  heat  sink  would  mix  directly 
in  the  condenser  thereby  providing  a  zero  terminal  cengmrature  differential 
between  the  turbine  exhaxist  and  the  stored  water.  With  this  arrangement  the 
— MrtMWi  water  temperature  In  the  heat  sink  can  approach  the  boiling  point. 

The  plant  efficiency  would  remain  at  the  normal  design  level  until  the  heat 
sink  temperature  exceeded  lkO>PP,  at  which  point  the  back  pressure  would 
gradually  increase  to  one  atmosphere.  The  required  water  storage  for  the 
production  of  one  net  megawatt  hour  of  electrical  energy  would  be  16,000 
gallons. 


The  final  determination  of  the  arrangement  of  the  plant  an'', 
auxiliaries  for  any  sracific  facility  would  be  dependent  on  the  ecablnation 
of  such  factors  as,  1;  length  of  button«\qp  period,  2}  cost  of  creating  water 
storage,  5)  practicability  of  venting  the  surface. 

The  use  of  ice  in  toe  heat  sink  could  natuxally  mlnlnize  the 
storage  volume  required.  Bowever,  the  feasibility  of  making,  storing,  and 
maintaining  large  quantities  of  ice  in  an  underground  installation  is  yet  to 
be  demonstrated.  In  addition,  the  use  of  Ice  for  the  heat  sink  would  pre* 
elude  the  full  restoration  of  the  facility  within  a  reasonable  period  of 
time  after  a  button-up  period. 

With  respect  to  a  closed-cycle  reactor  pov«tred  gas  turbine,  the 
use  of  ebullient  cooling  in  the  precoolcr  would  allow  venting  the  rejected 
heat,  in  the  form  of  low  pressure  steam,  to  the  atmosphere.  The  plant 
efficiency  could  be  maintained  by  increasing  turbine  inlet  conditions  accorl- 
Ingly  to  compensate  for  the  higher  precooler  tenq>erattires .  Tt'  >  operating 
condition  covQ-d  be  tolerated  for  the  dxiratlon  of  the  hutton-up  period. 

Figure  5'U  lUtistrates  in  very  siaqllfled  form,  the  cycle  diagram  for  this 
type  of  nuclear  plant. 

The  ratio  of  power  to  weight  axui  power  to  volume,  for  the  pres¬ 
surized  water  reactor  plant,  is  quite  low.  This  would  be  a  more  prominent 
disadvantage  in  a  cut-and-cever  type  structure  than  in  a  deep  underground 
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facility*  !Die  gas*-cooled  reactor  plaut  has  a  much  more  favorable  ratio. 

With  regard  to  availability,  preaeurlted  reactors  are  considerably  nwre 
advancid  in  development,  and  in  fact.  In  the  sizes  considered  applicable,  could 
be  made  available  for  pover  generation  \iithln  24  months  after  placement  of  an 
order.  On  the  oldier  hand,  gas -cooled  reactors  operating  at  high  temperatures 
vith  enriched  fuel,  are  not  nearly  so  veil  developed  and  their  Inanedlate  avall- 
ablll'ty  ,1s  questionable.  .Table  $.3  presents  c^paratlve  cheuracterletlcs  of 
these  two  types  of  plants. 

it 

d.  Other  Bowei  Soiarces.  Li  addition  to  nuclear  energy  there 
are  other  means  of  generating  electricity  vhlch  are  not  dependent  on  air  for 
combustion.  She  three  most  pxxnnislng  are  fuel  cells  idilch  employ  the 
principle  of  direct  conversion  of  chemical  energy  into  electrical  energy,  and 
thermoelectric  and  thermionic  generators  vhlch  employ  the  principle  of  direct 
conversion  of  thermal  energy  Into  electrical  energy.  A  chai’octerlstlc  of 
these  direct  conversion  generators  is  their  production  of  direct  current  ai 
lov  voltage.  Since  the  predominant  utilization  for  hardened  facilities  Is 
alternating  current,  some  means  to  convert  the  dli-ect  current  to  alternating 
current  vould  be  required.  This  can  be  done  by  means  of  nonrotating  direct 
to  alternating  ctirrent  transformers  \dilch  are  readUy  available.  Such  con¬ 
verters  are  solid-state  devices,  contact  and  reliable,  requiring  little  or 
no  attention.  The  electrical  energy  produced  by  Individual  elements  of  these 
types  of  generators  has  a  potential  idilch  can  range  from  30  M7  to  3  volts. 
Higher  voltages  can  be  obtained  by  connecting  individual  elements  In  series. 

Fuel  cells  are  devices  \ised  to  convert  the  free  energy  of  a  chemical 
reaction  directly  to  electrirt*  erergy  oy  an  electro -chemical  process. 

Althoxign  several  types  of  fuel  eel  Is  have  been  developed  and  others  are  iinder 
development,  they  all  exhibit  sone  basic  similarities  to  the  hydrogen-ojqrgcn 
type  lUxistrated  in  t  greatly  simp  Llfied  form  in  Fig.  5-12.  A  brief  descrip¬ 
tion  01  the  principle  of  ope:  ition  accompanies  the  illustration.  Fuel  cells 
have  no  Camot-cycle  limitation  to  their  energy  conversion  efficiency  and  at 
present  operate  vlth  a  one  volt  cell  voltage  and  a  conversion  efficiency  of 
75  percent.  Most  of  the  rejected  .'leat  is  absorbed  by  the  electrolyte  vhlch 
can  be  dissipated  to  the  incoming  paseous  fuels.  Ihe  nnnalnder  manifests 
Itself  as  vater  vapor  and  radiated  heat  from  exchangers,  pumps,  end  cell 
container.  Altho\igh  small  urlts  u_>  to  10  kv  are  presently  available, 
there  is  a  distinct  posslbillly  that  larger  units  up  to  one  megawatt  may  be 
available  within  five /years.  Attention  Is  directed  to  a  cownrehenslve  report 
(Ref.  5»7-6)  on  the  status  of  fuel  cell  systems  idiiv-h  are  considered  promising 
by  the  Department  of  Defenei. 

,  3henaoelectric  e,  i  thermionic  generators  are  two  typos  of  devices 
capable  of  producing  electric  power  directly  from  a  heat  Rour-:..  Boca 
generatorr  are  static  devices  end  have  the  characteristic  of  tlic  working  fluid 
being  'Seated  electrons, "  emitted  Into  a  solid  in  the  case  of  thermoelectric 
generator  and  into  a  vacuum  for  the  thermionic  ^nerator.  Schematic  drawings 
of  each  type  of  generator,  accompanied  by  a  brief  description  of  the  principle 
of  operation,  are  shown  in  Figs.  5-13  ami  5-14.  For  use  in  protective  con¬ 
struction,  the  sotirce  of  thermal  energy  could  be  either  the  decoy  heat  producec 
by  radlolsotopeo  or  by  the  nuclear  fission  process  In  a  reactor.  The  puleulxttj 
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power  8V5)ply  from  iaotoplc  energy  sources  Is  extremely  limited  in  capacity 
and  could  te  considered  only  as  a  secondary  supply.  An  example  mlg^t  be 
Intrusion  alarms  and  Instrunentatlon  located  remote  from  the  primary  facility, 
powered  by  thermoelectric  generators  placed  in  hardened  manholes  in  lieu  of 
extending  feeders  from  the  main  power  source.  As  a  primary  power  supply, 
uuclear  powered  generators  show  more  premise.  Conversion  efficiencies  at 
present  are  on  the  order  of  3  to  20  percent,  with  thermionic  generators  at  the 
hlj^ier  range  of  the  scale;  however,  efficiencies  approaching  JO  to  J5  percent 
have  been  predicted  for  the  future.  Since  both  of  these  conversion  methods 
require  a  slgaif leant  heat  input  during  their  operation,  and  the  cycle 
efficiencies  at  best  are  on  the  order  of  JJ  percent,  a  heat  sink  of  some 
ma0iitx'.de  is  indicated. 

Ihe  possible  advantages  for  protective  construction  In  employing 
static,  low  maintenance,  compact  power  sources  which  do  not  require  air  for 
combustion,  are  clearly  evident.  Advancing  technoiogj.  In  the  past  five  yeai? 
has  produced  several  ways  to  generate  elect:  ::al  nower  by  direct  conversion 
at  acceptable  efficiencies,  but  there  are  still  several  major  problems  to 
overcome.  All  the  systems  under  consideration  produce  a  low  voltage  direct 
current  power  supply  with  the  undesirable  feature  of  the  voltage  dropping  as 
the  cuirent  increases.  In  the  case  of  fuel  cells,  fuel  supply,  particularly 
for  a  continuously  operating  facility,  might  prove  to  be  a  costly  factor, 
thermoelectric  and  themlonlc  generators,  because  of  their  relatively  low 
conversion  efficiencies  retain  the  problem  of  rejected  heat  disposal.  With 
respect  to  the  economic  feasibility,  realistic  cost  figures  are  presently 
unsvailable. 

Oistribution  snd  Asguiation.  there  are  no  urusual 
problems  connected  with  the  distribution  of  power  throughout  a  hardened 
facility.  Established  desl^i  criteria  as  outlined  in  the  various  Corps  of 
Engineers  and  Air  ibree  manuals  (Refs.  5<7-7  and  should  be  adhered 

to  viiere  applicable.  Special  consideration  must  be  given  to  minimising  to 
the  greatest  possible  extent  Jie  interruption  of  the  power  supply  to  critical 
equipment.  This  probably  will  entail  the  duplication  of  feeders  and 
substations.  Evexy  effort  m^ist  be  made  by  the  Using  Agency  and  design  group 
to  establish  the  magr.itude  and  location  of  the  critical  power  loads. 

The  extensive  use  of  electronic  data  processing  and  electrisal 
conmunlcation  equipment  in  military  facilities  has  imnosed  stringent  xequire- 
ments  on  the  character  of  the  power  supply.  Although,  self -genera cion  disposes 
of  the  problem  of  power  reliability,  it  creates  some  problems  in  connection 
with  regulation  of  the  character  of  the  power  supply.  Obvioiisly,  an  binder- 
ground  power  plant  adequately  si^ed  to  provide  firm  capacity  is  still  '■onalder' 
ed  small  relative  to  the  load  wben  compared  to  a  public  utilii'.  Ibe  uuge 
flyidteel  effect  of  a  largpe  utility  network  vdiich  can  readily  absorb  load 
trunaients  is  not  in  evidence  with  an  underground  plcnt.  Consequently  in  the 
design  phase,  emphasis  must  be  placed  on  the  selection  of  motor  driven 
equipment  and  appropriate  controls  to  Insure  that  transient  electric  dis¬ 
turbances  can  be  kept  to  a  minimum.  Die  use  of  static  excitation  and  senslxiv< 
'ast  response  voltage  regulators  should  be  gl^'sn  consideration.  Specially 
designed  generators  tiavtng  low  transient  reaction  should  also  be  Investigated. 
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For  ftequeocy  regulation^  the  use  of  load  sensing  governors  offers  great 
possibilities.  With  pover  generated  from  an  Isolated  plant,  a  system  of  tine 
error  eompensatlon  vould  probably  be  required. 


3.7.3  Heat  Sink.  In  order  to  maintain  envlrc  'uental  conditions 
suitable*  for  the  operational  activities  of  a  hardened  facility,  all  the  beat 
generated  within  must  be  dissipated  in  some  manner.  For  this  purpose  an 
adequate  heat  sink  must  be  avallcu>le.  As  considered  herein,  a  heat  sink  may 
be  defined  an  a  body  of  hi^  thermal  capacity  relative  to  the  rate  at  idilch 
heat  Is  transferred  bu  it. 

5.7.3*1  General.  Ihe  rock  or  earth  surrounding  an  underground 
facility  Is  a  natural  heat  sink  wilch  i.as  some  capacity  for  heat  absorption. 
Ihentodynamlc  and  heat  transfe  problems  dealing  with  the  heat  absorption 
capability  of  geological  formations  surrounding  underground  structures,  have 
been  under  investigation  by  the  Hc-tlonal  Bureau  of  otanuards  since  1930. 

Ibeir  findings  and  conclusions  are  presented  In  a  Corps  of  Engineers  Design 
l^anual  (Hef.  3.7-l)>  It  is  to  be  noted  from  these  finding’s  that  the  rate  at 
which  the  surrovindlng  ground  can  accept  heat  Is  limited  and  decreases  with 
time,  la  almost  all  Instances  the  transfer  of  heat  to  the  surrounding  ground 
will  not  dissipate  all  the  heat  rejected  from  electronic  equipment,  building 
services,  power  generating  equipment,  and  human  metabolism.  The  heat  generated 
by  the  electronic  equipment,  etc./  la  dissipated  to  tlie  space  environment, 
resulting  li.  the  need  to  Integrate  a  refrigeration  cycle  Into  the  heat  absorp¬ 
tion  system.  Regardless  of  whether  an  absorption  or  vapor  conpression  refrigera¬ 
tion  cycle  Is  employed,  the  temperature  at  ^ich  the  heat  is  transferred  to 
the  heat  sink  Is  relatively  low.  The  problem  becomes  one  of  providing  an 
additional  beat  sink  Into  which  that  portion  of  the  heat  rejected  from  the 
pover  goneration  and  air  conditioning  refrigeration  equipment,  which  vould 
not  be  absorbed  by  the  surrounding  geological  formation,  can  be  dissipated. 

3. 7.3. 2  De8i*>n  Considerations.  There  are  several  Important 
factors  which  shouxd  be  considered  In  the  solution  of  the  heat  sink  problem, 
noely,  heat  load  characteristics,  level  of  protection,  length  of  button-up 
period,  restoration  capabilities,  and  geographic  location. 

a.  Heat  Load  Characteristics.  Both  the  rate  at  which  heat 
If  rejected  from  the  pover  generation  and  air  conditioning  refrigeration 
equipment  and  the  temperature  of  the  heat  transfer  p .ocesi  heve  a  profound 
effOct  on  the  selection  of  the  proper  type  of  beat  sink.  Cooling  Iwwers  or 
spriy  ponds  must  be  sized  to  receive  the  rejected,  beat  at  the  rates  produced 
during  periods  of  peak  operation,  regardless  of  the  lexigth  of  the  buL  .on-'jp 
period.  On  the  other  hand,  the  size  of  a  beat  absorbing  re6en'''lr  Is 
deteimlued  by  the  total  heat  rejected  over  iie  entire  b  'tion-ci:  period.  With 
respect  to  the  temperature  of  the  best  transfer  process,  it  Is  obvious  that 
the  maintenance  of  a  large  taoperalure  differential  between  the  heat  sink 
and  the  pover  and  refrigeration  cycles  vould  be  hl^ily  desirable.  Considering 
the  fact  that  the  pover  generation  and  reirigeratlon  cycles  aro  subject  to 
lamot-eycle  efficiency  limltationn,  an  Increase  In  exliaust  pressures  and 
oondenalng  temperatures  vould  result  in  lover  plant  thermal  efficiencies  aiod 
consequently  a  larger  quantity  of  rejected  heat,  itils  interdependence  of  the 


heat  slnh  and  the  pover  plant  equipoient  requires  paraiuetrio  studies  in  order 
to  arrive  at  the  test  method  of  heat  disposal.  A:,  cxsaple  would  be  increasing 
the  condensing  temperature  of  a  vapor  compression  refrigeration  cycle  from 
100®P  to  110®F  with  a  corresponding  decrease  in  coefficient  of  performance 
from  5.0  to  4.0.  To  absorb  one  B.T.U.  the  required  motor  energy  input  to  the 
compressor  would  Increase  from  0.82  KM  to  1.02  KM.  Because  of  inherent 
thermodynamic  cycle  inefficiency,  25  to  35  percent  of  the  Increase  in  KM  re¬ 
quirements  would  be  rejected  to  the  heat  sink.  This  indicates  tliat  an  attempt 
to  increase  the  temperature  differential  between  the  heat  sink  and  the  power 
and  refrigeration  cycles  by  Increasing  condensing  temperature  must  be  care¬ 
fully  analyzed  with  respect  to  its  influence  on  power  generetion  requirements 
and  possible  increases  In  rejected  heat. 

b.  Level  of  Protection.  The  consideration  of  the  level  of 
pi'otectlon  to  be  afforded  a  facility  Is  hlf^xly  Impi^rtant  in  determining  the 
type  of  heat  sink  required.  POr  a  fM.il  lt;y  placed  deep  undergro’^ad  in  order 
to  withstand  all  the  effects  assoclateu  with  very  high  yield  wecpons,  there 
would  be  a  compelling  desire  to  minimize  sx'jrfaci  connections.  Consideration 
therefore  must  be  given  to  an  underground  heat  ntservolr  as  one  solution  to 
the  prcbleiu.  C<u  Ute  other  hand  confidence  has  been  gained  in  the  reliability 
of  blast  cloaures  in  lig^t  of  recent  advances  in  the  state  of  tha  art  and 
accordingly  protected  underground  cooling  towers  using  outside  air  as  the  heat 
sink  appear  to  be  feasible  and  should  be  given  consideration. 

Por  cut-aJid-cover  structures  the  cost  of  creating  reservoir  capacity 
is  relatively  high  and  the  use  of  outside  air  implemented  by  cooling  towers 
and  spray  ponda  should  be  investigated.  Consistency  in  the  level  of  protection 
for  all  the  features  of  an  Installation  dictates  that  such  cooling  towers  or 
spray  ponds  must  be  designed  to  resist  the  same  weapon  affects  ss  the  facility 
itself.  This  Is  feasible  with  spray  ponds  In  the  esse  of  noderste  overpressures 
and  there  ore  preliminary  desl^s  in  existence.  As  far  as  cooling  towers  are 
concerned,  it  would  appear  that  ^iiey  should  be  located  in  the  protected  area 
of  the  structure. 


c.  Lengtlx  of  Button-Up  Period.  Primarily  the  significance  of 
this  factor  Is  Its  impact  on  the  storage  requirementa  of  water,  whether  It  is 
used  as  the  heat  sink  itself,  or  as  aaks-up  water  for  cooling  towers. 

d.  Hsetorstlon  Capability.  There  Is  sor  .•times  a  rsquiraaant 
for  restoring  the  mission  capability  of  a  facility  In  as  short  a  time  as 
possible  after  the  terminstlon  of  the  nupton-up  period.  If  such  restoration 
necesRltates  the  refilling  of  an  underground  reservoir,  serious  consldere'.  Ion 
must  be  given  to  sono  other  type  of  hardened  heat  sink. 

e.  Geowaphic  Location.  It  Is  obvious  that  the  geographic 
location  of  a  facility  will  determine  the  climate  and  conditions  of  outside 
air  and  perhaps  xhe  prevalence  of  underground  water  for  heat  removal.  This 
leads  to  the  conuideration  that  geographic  locations  which  offer  the  possl- 
bll  .ty  of  developing  on  ui«ucrt;ruunu  water  wupply  withi  n  the  facility  itself 
should  be  aiven  consideration. 
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5. 7 *3 *3  l^pe  of  Heat  Sinks.  Saslcally  there  are  only  tw 
heat  absorbing  substances  idiich  deserve  serloxts  consideration  at  the  present 
time.  Ciese  are  outside  air  and  vater  either  In  Its  liquid  form  or  as  Ice 
or  a  combination  of  both.  Heat  absorption  In  any  large  quantities  by  other 
chemical  substances  Is  In  the  research  phase  and  considerable  development 
mrk  Is  still  to  b<  done  to  determine  feasibility.  In  general  an  adequate 
vater  supply  vould  be  available  at  or  near  a  facility  location  for  use  prior 
to  an  attack.  If  the  vater  source  ^‘or  such  a  supply  Is  a  natural  stream  of 
continuous  flov  adequate  for  cooling  purposes  there  is  no  necessity  for  con> 
jldarlng  the  conservation  of  such  a  supply.  On  the  other  hand^  if  the  supply 
la  from  an  underground  aquifer,  consideration  should  be  given  to  conserving 
such  a  supply  during  normal  operation  by  the  use  of  cooling  tovere  or  spr^ 
ponds  located  at  a  convenient  place  outside  the  facility.  It  must  be  recog¬ 
nised  that  such  cooling  tovere  or  spray  ponds  and  the  pipeline  connection 
from  the  vater  source  to  the  facUi+y  vould  probably  be  destroyed  during  an 
attack  and  therefore  soma  form  of  hardened  heat  sink  not  dependent  on  an  oui- 
Blde  vater  supply  must  be  provided. 

a.  Protected  Water  Supply.  It  la  apparent  that  the  most 
dastrsble  means  of  heat  dissipation  vould  be  a  supply  of  vater  developed 
vithla  the  protected  area  adequate  for  use  in  a  once -through  cooling  cycle 
during  all  operational  conditions.  Such  a  vatar  supply  mi^t  be  either  an 
underground  aquifer  belov  the  protected  area  or  an  infiltration  of  vater 
through  the  surrounding  goologlcal  fsrc&tion  Into  that  area.  Althoui^  the 
flov  rate  of  such  a  supply  mii^t  not  meet  peak  load  requlreaents,  a  retention 
reservoir  could  be  utilised  to  meet  the  peaks.  Consideration  should  be  given 
to  conserving  the  underground  supply  for  use  foUovlng  an  attack.  Hovevar, 

It  must  be  recognised  that  the  possibility  of  finding  an  adequate  vater  supply 
from  a  source  in  the  geological  fOraation  lonediately  surrounding  the  instal¬ 
lation,  vUl  occur  only  in  rare  instances  and,  in  general,  otlier  meazu  of  heat 
diasipatlon  must  be  investigated  even  if  only  to  supplement  inadequate 
source  that  may  be  availabl-  vlthln  the  protected  area. 

b.  Uaderaround  Beservolrs.  An  \nd9rground  reservoir  for  the 
storage  of  a  heat  absorbing  substance  has  the  dlsticct  mlvantage  of  not 
requiring  any  breaches  to  the  surface.  A  nimtbrr  of  theoretical  and  experi- 
aratal  Investigations  have  been  made  to  datemine  the  perfontanca  of  various 
substances  and  their  containment  vben  utilised  as  heat  sinks.  Such  substances 
must  here  heat  abftrrblr^  characteristics  that  are  ^  •ntnp.t.l.bl.  with  the  heat 
reyectiob  proeesaas  of  the  pover  plant  and  refrigeration  equipment.  Ihree 

of  heat  obaorblng  8ubstai.s:i38  will  be  lonsilerod,  namely  vater.  lee,  and 
chemicals. 


^  Water.  Compared  co  ice  and  al  ^vibstances, 

vatar  has  a  relatively  lov  heat  absorbing  capacity  p.»r  unit  vc.'.uae.  gauming 
an  initial  vater  tooperature  of  and  a  rise  in  temperature  to  100°F,  a 
cubic  foot  of  vater  would  be  capable  of  abeorblng  3,120  B.T.U. 

a  refrigeration  cycle  the  naxlmum  vater  temperature  should  be 
held  t*i  ICO®?  as  govemai  by  th**  ^.ranafer  process  of  a  vapor  conprosslon 


cyclCo  Hl^er  temperatures  would  significantly  reduce  the  coefficient  of 
performance  and  might  Increase  maintenance  and  operating  problems  due  to  the 
correspondingly  high  condensing  pressures.  An  absorption  cycle  imposes  even 
more  stringent  requirements  on  the  allowable  tempci-ature  rise.  Power 
generating  equipment  on  the  other  hand  can  tolerate  water  temperatures  up  to 
200°F. 


As  previously  discussed,  the  geological  formation  sunounding  an 
underground  reservoir  is  capable  of  absorbing  a  considerable  amount  of  heat, 
pa.'tlcularly  If  the  temperature  differential  between  the  stored  water  and  the 
surrounding  earth  or  rock  Is  substantial.  !Ihls  pLenouieuu  should  be  taken  Into 
consideration  In  the  design  of  the  heat  sink.  It  is  therefore  hl^^ily  desirable 
to  permit  the  stored  water  to  reach  as  hic^  a  temperature  as  possible  ,  Since 
the  allowable  temperature  necessary  for  refrigeration  and  power  generation 
equljnent  differ  so  slpilflcantly.  It  is  mandatory  that  consideration  be  giver, 
to  providing  sepai'ate  reservoirs.  Such  an  arrangement  does  entail  any 
significant  Increase  In  coat. 

In  addition,  serious  consideration  ^oxild  be  given  to  precooling 
the  stored  water  to  a  temperature  of  about  UCrf.  This  would  also  lower  the 
temperature  of  the  surrounding  geological  formation  below  Its  initial  level. 
This  pre -cooling  could  be  accomplished  prior  to  ncrupancy  by  the  refri deration 
equipment  Installed  for  alr-condltloniag  purposes  and  could  be  maintained  after 
occupancy  by  the  same  equipment  during  off-peak  operating  periods,  in  the 
beginning  of  a  button-up  period  the  pre -cooled  water  could  be  circulated 
directly  throu^  alr-conditloning  cooling  colls,  thus  postponing  the  need  to 
operate  the  refrigeration  cycle.  Such  an  arrangement  should  result  In  sub¬ 
stantial  savings  in  electric  power  consuBtptlon  and  a  corresponding  reduction 
in  the  total  amount  of  rejected  heat.  Equations  to  calculate  the  required 
capacity  of  an  underground,  reservoir  to  be  used  as  a  heat  sink  are  presented 
In  a  Corps  of  Engineers  Desl^i  Manual  (Ref.  end  sample  problems  are 

also  presented  In  thia  manual. 

After  an  attack  it  Is  conceivable  that  Uie  pipeline  coimactlons 
from  the  basic  water  source  to  the  rwservoir  could  be  repaired  in  the  event 
they  were  damaged  by  an  attack.  As  soon  as  such  repairs  are  effected  the 
water  reservoir  could  eesily  be  refilled  for  furtaer  use  of  the  fecllity. 

Studies  made  by  ihe  Rational  bureau  of  Stand. da  (Ref.  5.7-9) 

Indicate  that  the  hest  transfer  from  water  to  rock  is  proportional  to  the 
relationship  of  contact  surface  U>  .oluto.  Iheorctlca.cIy,  the  hcr.t  abaorp. 
tlon  capeblllty  of  the  rocA  incrcuces  us  relationship  of  contact  Ct^.'ace 
to  volume  Increases.  This  leads  towaitj  the  consldaratlon  of  I'Se-.'  oir  .^uava- 
tion  with  a  relatively  .uaall  cross  section.  On  the  other  nand,  economical 
exeevation  methods  must  be  taken  Into  consideration  In  <'.etemlnln£  the  cross 
section. 


2.  Ige.  The  fact  that  melting  ice  has  a  relatively  high 
hej.t  absorption  capability  makes  the  consideration  of  its  use  extremely 
attractive.  Fbr  example,  a  mixture  of  ^0  Mrcent  Ice  and  water  with  an  orig¬ 
inal  temperature  of  and  a  rise  to  lOO^F  would  absorb  6^  I.T.U  per  cubic 
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foot  as  cQoip.  red  to  3120  B.I.U.  for  water  alone,  xhis  would  Indicate  that,  at 
least  theoretically,  tne  volume  of  a  $0  percent  ice  and  water  reservoir  could 
be  consider^ly  lee.  than  one  half  that  required  for  a  reservoir  containing 
watsr  only. 

Alwhou^  some  ea^rinents  on  a  small  scale  have  been  conducted  by 
the  Bureau  of  Standards,  no  feasible  reliable  method  has  yet  been  devised  for 
the  distribution  of  msnufiuatured  ice  in  a  large  reservoiz .  Another  problem 
idiich  has  ztC't  been  solved  is  the  maintenance  of  e  ice  content  in  the  reservoir 
after  it  has  beer  filled.  The  Mcl'anical  equipment  required  to  store  ana 

the  ice  could  Involve  large  expvodltures.  The  technical  and  economic 
feasibility  of  utilising  ice  in  the  reservoir  of  a  specific  underground 
facility  has  been  presented  In  a  comprehensive  report  (Ref.  3*7-l'^)«  ^e 
findings  of  this  report  indicated  that  it  was  more  economical  and  far  more 
reliable  to  excavate  the  additional  water  storage  capacity  rathei;  than  to 
utilise  ice  in  such  a  reservoir.  Tn  addition,  the  uae  .  r  l-'s  in  the  heat  s:.sh 
would  preclude  the  possibility  of  restoration  capability  ir  any  reasonable 
tlae  following  a  button>up  period  since  it  would  probably  take  several  snnths 
to  re-establish  the  required  lea  content. 

<0^1  Substances.  Research  is  being  conducted  by 
several  organisations  dealing  with  the  feasibility  of  using  various  types  of 
reveraible  endothermic  processes  for  utilisation  as  heat  reaeivolrt.  Primarily 
UM  apyllcation  of  this  prsueae  la  being  direr-  1  tnward  the  field  of  apace 
heating  and  nuclear-steam  power.  It  ia  conceivable,  however,  that  it  could  be 
utilised  ea  a  habdenad  heat  aiok  in  tba  field  o.  ^roteetlve  conatruetion. 
Available  date  gives  avidaaee  that  of  tha  known  isveraibla  endotharmie  processes, 
the  "beat  of  fusion"  of  salt-bydrates  and  salt-maBoniataa  appear  to  offar  tha 
bl^aat  heat  abaorbiag  cspacitiea  per  vooit  volume.  Theae  salts  are  soluble  lit 
either  mater  or  liquid  ammonia  and  conaequentiy  the  s^  could  be  in  e  liquid 
state.  Asaumiag  a  beat  sink  ta^erature  rise  from  to  lOO'^P,  heat  absojt-p*- 
tioD  copaeities  on  the  ordt  -  of  20,000  B.T.U.  per  cubic  foot  are  indicated. 
Boversr,  oonsidersbly  development  work  is  still  rsquirsd  to  King  into  prsc- 
tleal  rsalisatioa  a  chmsieal  hsat  sink  spplicsb3e  to  the  type  of  feellities 
under  consideratiem  in  this  manual. 


e.  atmosphare  itself 

prorlilss  a  haat  sink  of  uxilimlted  capacity,  and  tbersfore  ita  uae  should  be 
considered  in  the  dssifa  of  a  heat  sink  for  a  hard'sed  faci'ity. 

!Ch«  heat  re^tlon  cvulp-te^'t  required  to  Implemsut  the  air  it  either 
some  type  of  cooliitg  tower  cr  u  spray  pond.  With  respect  to  cooling  towers, 
eonsidwation  should  be  given  to  tha  open  filled  type,  the  el‘<tcid  rrlra  s.'rCece 
evaporative  type,  and  the  closed  exteedad  surface  dry  tyyu.  Ail  of  these 
types  are  extremely  vulnerable  to  blast  pressure  sod  if  requirad  to  survive 
an  attack  and  then  function  d'lrlxig  the  button-up  period,  they  must  be  placed 
underground  in  the  protected  area. 

1.  Open  Filled  Type  Ooolliut  TOwers.  This  type  of  equip- 
aant  is  the  most  efficient  of  the  beat  u'ansfer  devices  aantloned  above  due  tc 
the  closer  tensinel  temperature  difference  between  the  outaide  air  and  the 


cooling  vater.  It  does  require  a  protected  voter  storage  capacity  for  IIlake-^p 
purposes  during  a  on-up  period.  However,  the  use  of  this  type  of  cooling 
tower  introduces  a  potential  contamination  hazard  unless  the  air  required  if. 
passed  through  filtering  devices  designed  to  remove  radioactive  particles. 
Without  such  filtering  these  particles,  would  precipitate  out  into  the  cooling 
tov  r  basin  and  in  turn  would  be  circulated  with  the  cooling  water  through 
the  power  generating  and  air-conditioning  refrigeration  equipment  resulting 
in  the  possible  build-up  of  a  dangerous  concentration  of  radioactive  matter. 

For  relatively  large  installations  \rt\lch  would  require  considerable  quantities 
of  ''utslde  air,  the  cost  of  providing  the  necessary  filters  and  the  additional 
power  to  move  the  air  throu^  euch  filters  might  very  well  Indicate  that  the 
use  of  this  type  of  cooling  tower  is  uneconomical. 

2.  Closed  Prime  Surface  hVaporative  Type  Cooling  Tovera. 
Hie  use  of  this  type  of  heat  rejection  equipment  ;«ould  e.liminate  the  coa- 
tamination  hazard  in  that  no  radioactl  .'e  particles  would  enter  'lie  clfdulaiing 
system.  The  heat  transfer  efficiency  la  only  sli^lly  lower  than  for  the  open 
filled  type  resulting  in  an  increase  of  about  10  percent  in  the  quantity  of 
outside  air  required.  It  is  evident  that  this  .'ncreaae  is  insignificant  In 
the  ll^t  of  the  advantage  to  be  gained  in  the  eliminatlo.n  of  the  radiation 
hazard  ai^  its  attendant  requirement  fi>r  flit^rlng  devices.  This  type  of 
cooling  tower  also  requires  water  storage  for  make-up  purposes. 

5.  Closed  Extended  tey  TVre  Cooling  Tewerw.  The  primary 
disadvantage  of  this  type  of  heat  transfer  equipment  is  the  relatively  enonaous 
amounta  of  outside  ai:-  required  for  its  proper  functioning.  This  may  be  on 
the  order  of  ten  times  more  than  either  of  the  types  mentioned  previously. 

This  type  of  equlpoeut  also  eTimlAates  the  contamination  hazard  and  it  offers 
the  added  advantage  of  not  requiring  any  storage  of  vater  for  aake«i;p  {•'•rposeo. 
The  possible  oaving  thus  effected,  however,  must  or  balanced  against  the  in¬ 
creased  cost  of  providing  relatively  large  size  surface  connections  for  air 
intake  and  exhaust  including  tk'!  blast  closures  for  these  openings,  not  to 
mention  tl'e  potential  Increase  in  vulnerabili^  to  blast  damage  due  to  theae 
large  opening.  It  should  be  noted  however,  that  for  a  email  installatios 
using  cut-and-cover  type  structures  end  with  refrigeration  loads  the  order 
of  100  tons  and  electric  power  demands  of  KW  n-  Ihiu  type  of  equlp- 

tMot  should  reetive  oerloua  consideration.  In  such  instances  the  cost  of 
ersstlng  vater  storage  for  make-up  purposes  might  vary  vail  oe  greater  than 
the  expenditures  involved  In  providing  largsr  surface  mneetic  s  for  outsids 
air  otreulation. 


Receitv  ccuparative  studies  mode  for  tvr>  large  deep  underground 
installatloas  indicate  that,  the  utlllrotion  of  cloeed  prime  surfa. '  evorora- 
tive  type  cooling  towers  located  in  the  undsiground  behli..;  bi..ist  uirrliro 
proved  to  be  the  beet  solution  fur  the  heat  sink  problc.t. 

In  coanection  with  the  utlHzation  of  underground  cooling  towers 
consideration  should  be  giv>’r>  tu  their  ooesiblo  use  os  a  method  of  absorbing 
he  .t  from  the  power  plont  and  building  Two  arrangestenta  aierit  a 

detailed  study  and  investigation  to  determine  the  bast  selection  for  a  specific 


facility  and  site  location.  Oae  vould  make  use  of  the  outside  air  co  ventilate 
and  absorb  heat  from  the  pover  plant  space  before  passing  throuc^.  the  cooling 
tovers.  Paranetric  atudlas  should  be  made  to  determine  the  net  effect  on  tiie 
Increase  in  the  total  heat  of  the  air  as  it  cools  the  pover  plant.  The  costs 
attendant  to  filtering  the  outside  air  before  introducing  it  into  the  pover 
plant  must  be  taken  into  consideration  and  nay  negate  other  advantages  to  be 
gained  by  en^loylng  this  arrangement.  The  other  arrangement  vould  utilize 
the  cooling  vnter  circulating  throuc^  the  tover  as  a  heat  absorbing  medium  . 
During  vans  veather>  the  cooling  vater  can  be  used  only  for  pover  plant  coolings 
inasmuch  as  its  temperature  wuld  be  higher  than  the  building  space  temperature. 
During  colder  veether,  hovever>  the  cooling  vater  vould  be  at  a  sufficiently 
lov  temperature  to  absorb  heat  from  both  the  pover  plant  ond  building  spaces. 
This  arrangement  offers  two  significant  advantages.  First,  it  obviates  the 
neeu  for  aa  extensive  eir  filtration  Installation  ond  secondly,  it  is  capable 
of  ebsorhlng  heat  from  the  building  spaces  reeulting  in  a  reduction  in  the 
running  tine  of  the  Beehaoical  refrigeration  equipment  and  consequently  a 
decrease  In  the  total  electrical  energy  consumption.  AlthO':;gh  the  tenper-.ture 
of  the  cooling  vater  leaving  the  tover  vould  have  to  he  soaeidxat  lover,  in 
order  to  cool  the  power  pleat,  the  net  adverse  effect  on  the  heat  sink  Is  not 
nearly  os  significant  as  in  the  case  of  pover  plant  cooling  with  outside  air. 

d.  Outside  Air  vith  a  Spray  Pond.  A  spray  pond  can  h«  design^ 
vith  some  degree  of  hardness  end  is  therefore  applleeble  in  connection  with 
faeillf^»«  reslstence  only  to  relatively  lov  blast  pressures. 

Oh  the  other  hand,  e  eprsy  pond  is  far  less  efficient  than  any  tyj^  of  cooling 
tover  and  is  suh^t  to  the  vagaries  of  the  prevailing  winds  due  to  its 
erqpcsal  location.  This  exposed  location  also  makes  it  highly  susceptible  to 
radloeetive  contspiinatloo.  The  use  of  a  spre^  pond  for  heat  transf..r  in 
connection  with  facilities  of  hi^  level  protection  is  certainly  qucstiouaLl) 
in  vtev  of  the  surface  distort iotis  and  groutol  shock  associated  vith  high  yield 
weapon  detonation  vhlcu  would  probably  render  the  spray  pond  inoperable. 

J.'t.d  Air  Supply  and  Air  supply  requirwents 

for  e  hardened  facility  derive  from  the  occesslty  to  introduce  fresh  air  to 
replace  that  vitiated  by  personnel  and  v^iculor  traffic,  combustion  air  for 
pover  generatieg  equipment  end  other  air  aMpirac.]&g  devices  end  an  air  flow 
for  beat  ebeorptlon.  That  port  inn  of  the  air  supply  used  for  ventilating 
purposes  must  be  conditioned  maintain  the  proper  enviroomental  conditions 
for  personnel  activity  and  special  electronic  equU^.fnt  vent'iation. 

1  ve»>e»al  ft  it  rjeor  that  the  introduction  of 
outside  air  into  a  hardened  facility  necessitates  breeching  the  prot«..‘tive 
structure  in  some  manner.  Such  openings  must  he  provided  with  quick  c1ori.tr 
blast  resistant  devices  which  are  susceptitlc  to  aairr'''i!t«  ..a  the.~«fbre 
introduce  points  of  wenkness  in  wh.\t  aa>  otheniise  be  a  relatively  ixrrulner* 
able  feeill^"  in  view  of  this,  it  is  highly  Impoi’tont  to  lawstigate 
thorougMy  ^  ’lir  supply  problem  with  e  view  towards  minimising  requirements 
pertieuiarly  wuring  the  Fost-Atteek  operational  period 


The  best  method  of  inlroduction,  subsequent  treatarat,  distribution 
and  ejdMust  of  outside  air  passing  through  e  hardened  facility  nay  oe  oilierent 


for  the  three  operational  phases,  nanely,  prior  to,  during,  and  fbllovlng  an 
attack.  In  addition  the  specified  level  of  protection,  the  configuration,  and 
means  of  access  must  be  taken  into  consideration  in  the  design  of  the  various 
features  of  the  air  supply  ayatems.  The  possible  variations  in  eJl  tiiese 
factors  make  it  difficult  to  set  forth  a  typical  design.  It  may  be  ctatcd  in 
general,  hovever,  that  the  introduction  of  an  air  supply  into  a  protected 
facility  and  its  subsequent  exhaust  into  the  outside  atmosphere  nay  involve 
large  expenditures  for  connections  to  the  surface  and  the  protection  of  those 
openings  against  the  blast  pressures  associated  vith  a  nuclear  veapon  atteick. 
Ibr  this  reason  serious  consideration  must  be  given  to  every  possible  nultl- 
purpoae  use  of  the  air  supply. 

Ventilation.  A  fresh  air  supply  for  ventilation 
purposes  in  a  hardened  facility  ia  required  to  maintain  habitable  conditions 
for  personnel  and  puig*  access  tunnels  in  the  ev^nt  the;’  arc  vsed  for  vehlculcx 
traffic. 

a.  Personnel.  It  is  xtormal  practice  to  supply  fresh  air  to 
comerclal  or  public  buildings  in  an  amount  sul'flctent  to  dissipate  unpleasant 
odors  from  persons  and  other  processes  due  to  occupancy,  and  also  adequate  to 
Insure  conditions  conducive  to  normal  physical  activity.  Fbr  a  hardened 
facility  any  outside  air  \Axich  ia  introduced  to  areat  of  hustan  occupancy  must 
be  treated  in  sosm  manner  to  eliminate  the  poasibility  of  carrying  C.B.R. 
coniamanaiion  to  ihose  areas.  Criteria  fur  fi-atui  air  quanlXliaM  ui-v  geuexollj 
baaed  on  per  capita  requiramanta  and  lb  la  obvious  for  the  proper  desi^a  of 
the  ventilation  air  supply  ayatsm,  the  paraonnal  occupsney  during  the  prior- 
and  post-attack  periods  must  be  established  as  closely  as  possible.  Careful 
contidara^loo  should  be  given  by  the  using  agency  to  the  possibility  citat  the 
population  during  the  alert  and  post-attack  periods  ml^t  be  considerably  in 
excoaa  of  that  required  for  the  prior  attack  operation  of  the  facility. 
Peraonnel  requiramanta  for  24>hour  operation  must  be  determined  and  it  is 
quite  possible  that  security  p  rsonnel,  such  as  outsida  guards,  might  have  to 
be  housed  during  button-up  periods. 

It  is  aonsal  practice  to  supply  fresh  a^r  in  an  amount  of  10  to  SOcte 
pftr  person  baaed  on  the  expected  population.  There  Appears  to  be  no  reason 
to  vary  this  amovnt  for  bardanad  facilities  unless  the  exhaust  air  require¬ 
ments  fboo  such  areaa  au  toilet  rooms,  kitchens,  Uecentsminatien,  special 
processing,  ate.,  are  unusually  heavy.  Bovever,  dur5r^  the  bu.'^n-up  period 
po>su:  conaumptloa  and  related  heat  rejection  may  be  minimi 'cd  by  reducing 
fresh  air  supply  to  5  cfm  per  person.  'iMa  leuouitt  uoulu  limit  carU.n 
dloxvde  content  to  an  acceptable  1  percent  fer  an  inderinlte  peri'Kl. 
mould  also  be  more  than  adequate  to  maintain  the  oxygen  content  w  the  ”".931 
level  of  21  percent. 

Air  quantities  for  the  proper  ventilation  of  kitchens  at^l  toilet 
rooms  art  eatahlt^ied  in  a^roprlate  Corps  of  Enginears  and  Air  Force  Oeai^ 
Manuals.  (Rafs.  $.7-1  and  $.7-7)  These  criteria  are  applicable  for  pro¬ 
tv  Jtlve  eonstruettuo.  Zn  order  to  reduce  the  fresh  air  supply  to  >ia  amount 
governed  by  population,  the  exhaust  from  toilet  areas  can  oe  passed  through 
ectlvated  carbon  filters  to  reduce  odor  concentration  end  then  recirculated 


through  tlie  system.  Oa  the  other  baud,  however,  exhaust  air  from  kitchen 
areas  should  not  he  recirculated. 

The  ventilation  air  supply  entering  the  facility  following  an  attack 
must  he  fll.terea  to  r«aOve  radioactive  particles  prior  to  Its  introduction  to 
occupied  spaces.  Furthermore,  It  Is  possible  to  contaminate  the  air  supply 
at  any  time  hy  covert  sabotage  with  chemical  or  biological  agents  which  ore 
extremely  difficult  to  detect.  The  only  positive  means  or  protection  is  to 
filter  the  incoming  air  continuously.  The'U.  S.  Army  Chemicul  Ck}rps  has 
designed  and  manufactures  filters  idilch  will  arrest  C.B.R.  contaminants  from 
the  air  supply  cuid  they  ere  available  In  various  sizes  for  lnstiiU.atlon  In 
harden^  facilities.  In  order  to  conserve  the  capability  of  these  special 
filters  during  nonemergeney  periods,  standard  commercial  dust  filters  should 
be  provided  on  the  upstream  side.  Filters  are  Inherently  tinablc  to  withstand 
any  apprec^ble  pressures  and  therefore  must  be  located  on  the  protected  side 
of  the  blast  barriers. 

Immediately  following  an  attack,  the  outside  air  would  have  an 
extremely  high  content  of  radioactive  partleles  and  In  order  to  prevent  a 
heavy  concentration  of  such  particles  in  the  filters,  the  ventilation  air 
supply  should  be  cut  off  entirely  for  a  period  of  4  to  6  hours.  61nce  the 
volume  of  air  per  person  within  the  protected  area  Is  generally  relatively 
large,  carbon  dioxide  pollution  and  oxygen  contents  will  not  reach  dangerous 
limits  during  such  periods.  It  is  of  course  possible  to  rerltsllze  the  air 
chemically  for  a  prolonged  button-uqp  period  after  an  attack  in  lieu  of  re¬ 
establishing  the  fresh  air  supply. 

During  the  button  •nip  period  there  exists  the  posslblli'^  of  an 
Infiltration  of  C.B.R.  eontaminants  around  the  equipment,  personnel,  and 
vehicular  access  doors.  In  addition  there  nmy  be  some  small  unknown  openings 
which  mey  be  subject  to  Infiltration  also.  Infiltration  around  the  doors  can 
be  minimized  by  incoxiKiratln'*  gas  seals  In  the  design  of  the  doors.  Eowever, 
such  seals  are  sometimes  dlfflciilt  to  maintain  tl^t.  Exhaust  valves  for  the 
passage  of  vitiated  air  from  the  protected  space  to  the  outside  must  of  eoxirse 
be  kept  In  open  position  except  for  the  short  period  during  and  j^medlately 
following  the  blest.  In  order  to  prevent  the  possible  infiltration  of  air¬ 
borne  C.B.R.  contaminants  after  the  exhaust  valves  are  reopened,  an  internal 
pressure  above  the  ambient  atmospheric  should  be  maintained.  This  can  be 
accomplisbed  by  the  use  of  pressure  differential  ser  jlng  devises  which  would 
regulate  air  \’olume  devices  In  the  exhaust  openings.  An  Internal  i^ssure 
of  0.5”  of  water  above  atmospbc'^lc  lo  sufficient  to  prevent  infiltration  and 
provide  sufficient  pressure  for  air  lock  scavenging  of  deconiwiliuitlun  areas. 
With  proper  regulation  of  exhaust  air  volume  the  quantity  of  oi**^slde  air 
reqtilred  for  ijersonnel  should  be  adequate  to  estebllsU  :j3d  suuctaln  the  neces- 
eary  Internal  pressxirlzatlon.  A  comprehensive  discussion  of  the  problems 
Involved  In  Uie  protection  of  structujres  against  G.B.R.  contamination  Is 
presented  In  Ref. 

b.  Vehicular  Traffic.  In  general  the  acoeea  to  ehallov  cut 
and  cover  hardened  facilities  will  be  by  means  of  relatively  short  tunnels 
or  vertical  shafts  with  nominal  vehicular  traffic  If  any.  On  the  other  hmad. 


the  accesi:  to  deep  undergroiind  installations  in  a  mountain  side  will  be  by 
means  of  a  long  tumicl  frequently  vltli  two  portals  widely  separated.  Obe 
servicing  of  such  a  facility  with  personnel  and  supplies,  portlciaorly  dviring 
pre-emergency  pei'iods,  may  require  the  use  of  gasoline  and  diecol  fuel  burning 
vehicles.  If  possible,  the  access  tunnel  should  also  be  made  to  serve  oa  a 
fresh  air  intake  and  vitiated  air  exhaust  by  the  InstollaUxon  of  a  frangible 
barrier  across  the  tuimel  at  an  appropriate  location  to  separate  the  intake 
and  exhaust  air  flow.  In  general,  the  vehicular  access  portloii  of  the  tunnel 
would  be  used  for  exhaust  purposes.  CalcuTatlons  have  indicated  that  unless 
*he  expected  vehicular  traffic  Is  unusually  heavy  the  quantity  of  vitiated  air 
normally  exhausted  from  the  protected  space  Into  the  access  timncl  will  be 
adequate  to  limit  the  concentration  of  CO  lo  an  acceptable  0.04  percent  by 
volume.  CO  detection  equipment  should  be  installed  to  monitor  the  air  In  the 
vehicular  portion  of  the  tunnel.  In  order  to  assure  an  additional  air  supply 
in  the  event  actual  operations  result  in  imdeslrable  haziness  or  excessive  00 
content,  booster  fans  8hou].d  be  provided  In  the  frangible  barrier  to  exhaust 
frexn  the  fresh  air  Intake  side  to  the  exhaust  side. 

^.7.^.3  Combustion  Air.  An  unlnterruptable  power  supply  is 
generally  required  for  a  hardened  facility  and  If  power  Is  being  generated  by 
diesel  «igine  or  gas  turbine  equipment,  combustion  air  must  be  available  at 
all  times  and  positive  means  for  continuous  exhaustion  of  the  combustion  gases 
also  must  be  provided. 

Imuedlutely  following  an  attack  the  outside  air  is  expected  to 
contain  a  considerable  amount  of  radioactive  matter,  a  large  percentage  of 
carbon  monoxide  and  be  at  a  relatively  high  temperature.  While  such  atmo- 
8|herlc  conditions  would  make  the  outside  air  xmsultable  for  peraonuel  con- 
simiptlon,  general  ventilation  and  heat  dissipation  pxnrposes,  It  still  would 
be  satisfactory  for  combustion  uses.  This  indicates  that  a  closed  conduit 
system  for  combtistlon  air  and  exhaust  la  hl^ily  desirable  alnce  it  would 
permit  continuous  air  flow  v  and  frc»i  the  prime  movers  except  during  the 
blast  pnase  Itself  without  danger  of  contaminating  the  occupied  spaces.  La 
order  to  protect  such  a  conduit  system  frtHs  nuclear  detonation  effects  it 
must  be  provided  with  blast  resistant  closures  and  auxiliary  valves  at  Intake 
and  exhaust  arranged  to  Insure  continuing  flow  during  the  blast  phase.  Further 
dlsciisslon  of  such  devices  is  presented  in  para.  3.7* ^.7. 

Heat  Dlaalnatlon.  It  la  evl  .ent  that,  a  refrigeration 
cycle  must  be  relied  vqpon  for  space  c^llng  purposes  dvtrlng  periods’  lAien  the 
outside  temperature  Is  hl^er  than  60  F.  However,  >dicn  that  temiperature  is 
lower  than  60rF  it  Is  theoretically  possible  to  accomplish  space  cooling  by 
clrc\2latlng  outside  air  directly  through  the  space,  thus  ellmir  .'ling  tbs 
necessity  for  operating  the  refrigeration  cycle,  with  rwaultan^  reductions 
In  power  consumption  and  other  operating  costs.  The  desirability  of  Instal¬ 
ling  a  system  capable  of  introducing  sufficient  quantities  of  outside  air  for 
space  cooling  pxirposes  must  be  based  on  an  economic  study  taking  into  account 
operating  costs  and  capital  expenditures  for  Intake  and  exhauat  shafts,  blast 
jlosvirea  and  air  filtration  equipment.  For  large,  deep  underground  instal¬ 
lations  the  high  capital  cost  will  probably  offset  the  savings  In  operating 
coats  that  co\ild  be  realized  by  effecting  air  conditioning  without 
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refrigeration  duriiig  favorable  atjBOapherlc  conditionb.  On  the  otI»er  hand, 
hovever,  for  small,  shallow  cut-and-cover  or  partially  burled  structures, 
the  application  of  this  p'^’lnclple  has  more  merit  and  certainly  should  be 
investigated. 

It  is  recognized  that  the  power  plant  area  and  possibly  some  other 
equipment  spaces  can  tolerate  ambient  te-nperutures  iii  the  range  of  100®F  to 
110  r  without  seriously  affecting  the  operation  of  the  equipment.  Oils 
suggests  the  possibility  of  utilizing  outside"  air  as  a  cooling  medium  without 
a  refrigeration  cycle  at  practically  all  times  unless  the  geographic  location 
of  the  facility  Is  such  that  very  high  outside  ambient  temperatures  prevail. 

At  any  location,  however,  the  outside  air  would  be  uns'.-il table  for  this  purpose 
for  some  period  following  an  attack  and  tliereforc  a  supplemental  cooling 
system  would  have  to  be  considered  for  use  during  this  period.  Another  alter¬ 
native  in  lieu  of  mechanical  refrigeration  for  space  cooling  would  be  the  use 
of  fan-coil  recir'culatlng  units  in  conjunction  with  water  from  the  cooling 
towers  or  underground  storage  pausing  throuc^  such  units  prior  to  its  intro¬ 
duction  to  the  air-conditioning  refrigeration  and  puvsr  generation  equlpaent 
heat  rejection  system.  Ihe  determination  of  the  most  desirable  ^stem  requires 
investigation  of  technical  feasibility  and  comparative  cost  studies. 

5.7.4.^  Multi-Purpose  Use.  Due  to  the  Interdependence  of  the 
utility  components  the  feasibility  and  economics  of  multi-purpose  uses  of 
outside  air  must  be  carefully  analyzed  to  assure  the  proper  choice  axid  design 
of  the  air  supply  system.  In  making  such  studies  several  jjatuiuei^u  luust  be 
considered  as  follows: 

(a)  OOxe  dty  aud  web  bulb  temperature  of  the  air 
entering  the  underground  cooling  towers. 

(b)  The  condensing  tenqperature  of  the  refrigeration 
cycle. 

(c)  The  power  plant  area  space  temperature. 

(d)  Tt.  .•  heat  transfer  surface  of  -Uie  cooling  towers. 

Hie  items  governed  by  and  plotted  against  these  parameters  should 
include  the  following: 

1.  Quantity  of  air  required  for  the  heat  sink  expressed 
in  v.lbi. 

2.  Coefficient  of  performance  of  th'i  refrigeration  cycle 
expressed  in  XW/ton. 

3.  Power  required  to  move  the  required  cfln  expressed  in  XH. 

4;  Costs  of  air  shafts  and  blast  closures. 

3.  Costs  of  power  generation,  refrigeration,  and  air 
filtration  equipment. 

3.7>^*6  Air  Conditioning.  In  general  the  specific  tempera¬ 
ture,  hunidlty  .^nd  other  air  conditions  required  in  undergrourd  facilities 
may  not  be  different  from  those  malntalzied  in  ’’soft'*  surface  structures  lAien 
the  uses  of  the  spaces  are  similar.  Considering  the  fact  that  the  hardened 
facility  will  probably  be  constructed  xmdergrovmd  or  partially  buried,  the 
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Installation  wli.'  not  l)e  exposed  to  the  variations  In  climatic  conditions  as 
is  a  structure  on  the  surface,  except  for  the  ter^ratxare  variations  of  the 
outside  air  supply.  Although  seepage  water  could  affect  the  space  humidity 
conditions,  the  amount  of  water  to  he  encoimtered  underground  is  extremely 
difficult  to  predict.  Past  experience,  however,  gives  evidence  that  little  r*r 
no  adverse  effect  should  he  expected  even  thouc^  initially  the  excavation  may 
he  considered  "wet".  Ihls  is  particularly  true  of  underground  excavations 
housing  f3ree  standing  internal  structures.  Hot  to  he  overlooked,  however,  is 
the  net  effect  on  the  air  conditioning  system  of  the  possible  absorption  of 
seepage  water  hy  the  space  alt.  Since  the  process  is  essentially  an  adiabatic 
sat'nration,  the  total  heat  remains  unchanged,  that  Is,  the  gain  in  molstiure  is 
ohtedned  at  the  expense  of  a  corresponding  drop  in  diy  hulh  temperature. 

From  the  foregoing  discussion  it  becomes  apparent  that  the  heat 
loads  ^ich  significantly  affect  the  air  conditioning  system,  particularly 
the  refrigeration  cycle,  are  those  contributed  hy  the  outside  air  supply  and 
the  rejected  heat  from  people,  ligate  and  electrical  equipment.  Inasmuch  as 
the  utility  problems  are  greatly  magnified  ly  the  lupf.'sltlon  ol  the  refrigerc- 
tlon  cycle,  every  effort  must  he  exercised  to  ireduce  the  outside  air  siqtply 
for  ventilation  and  the  net  electrical  power  needs  to  a  mlnimm.  nRranslstorlzed 
electronic  eqTiipment  with  cooling  should  he  utilized  wherever  possible  and 
lifting  should  he  of  the  gas  discharge  type  such  as  fluorescents. 

In  regard  to  the  spaces  housing  the  "hardware",  the  selection  of 
interior  air  conditions  ure  invariably  governed  by  criteria  established  hy 
the  system  contractor.  Ihe  conditions  are  suitable  for  personnel  efficiency 
ATiii  are  usually  within  the  practicable  range  attainable  with  coxnrentioxial  air- 
conditioning  equipment. 

Since  comfort  is  not  always  a  prime  objective,  the  designer  is  faced 
with  considerable  latitude  in  the  range  of  temperatuares  and  humidities  that 
can  be  selected  for  the  interior  general  work  areas.  Experience  has  shown 
that  personnel  can  si^stain  a  ccnsiderable  range  of  temperatures  without 
serious  loss  of  efficiency. 

Some  of  the  factors  that  influence  the  selection,  for  design  pur¬ 
poses,  of  an  interior  air  condition  are  listed  below: 

a.  In  regard  to  transmission  and  solar  heat  gains,  the  direct 
effect  of  climate  on  the  interior  environmental  conditions  may  '.e  considered 
inconsequential  since  the  installation  under  consideration  generally  will  be 
placed  partially  or  entirely  below  grouixa. 

b.  Since  the  rock  or  earth  mass  surrounding  the  irntallation 
is  at  or  near  the  mean  annual  tenperature  of  the  site,  partially  occupied 
interior  spnees  may  require  the  addition  of  heat  to  maintain  a  reasonable 
degree  of  comfort. 


c.  Regardless  of  the  outdoor  conditions,  the  heat  generated 
b;  personnel.  Heating  and  other  internal  loads  will  dictate  the  need  for 
cooling  during  full  operation. 
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d.  The  selection  of  a  hl^er  space  temperature  makes  possible 
the  utilization  of  a  greater  differential  In  temperature  betveen  the  space  and 
conditioned  air  supply.  Consequently,  a  reduction  in  the  physical  size  of  the 
air  handling  equipment  and  distribution  ducts  may  be  possible. 

In  vlev  of  the  foregoing.  It  appe^s  reasonable  to  select  an  Interior 
air  condition  of  75°F  +  and  relative  humidity  not  excgedlng  SJ^pancent  as 
an  acceptable  comprcanlse  betveen  the  often  recommended  70° P  and  0O°F  Indoor 
temperatures  during  the  winter  and  sximmer  seasons  respectively. 

Diirlng  stand-by  operation,  the  unoccupied  cpaceo  are  uooled  the 
Eurroxmdlng  rock  and  earth  mass  and  under  this  circumstance  heat  may  be  required 
to  maintain  a  suitable  relative  humidity  for  material  preservation.  Assuming 
the  natural  air  conditions  In  the  imderground  Installation  at  5?  F  and  nearly 
satvurated,  an  Increase  In  the  Interior  space  t/imperpture  to  70”F  will  redu'*e 
the  relative  humidity  to  about  percent  which  Is  conslderod  satisfactory  for 
the  preservation  of  most  materials  and  equipment. 

In  regard  to  tlie  refrigeration  cycle,  coiiclderotloa  should  be  given 
to  the  vapor  compression  and  absorption  principles.  For  small  compact 
facilities,  extended  surface  heat  exchangers  with  direct  expansion  of  the 
refrigerant  may  be  vised  to  dlsslpaxe  the  space  heat.  Large  facilities  may 
find  the  circulation  of  chilled  water  throui^  the  heat  exchangers  to  be  a  more 
xeuaiule  solullou.  In  the  case  of  t'ue  vapur  cuupresslou  cycle,  the  refrlgeraiit 
gas  temperature  Is  elevated  to  a  practical  level  for  condensing  purposes  In 
reciprocating  or  centrifugal  compressors  driven  by  electric  motors  or  steam 
turbines.  Ihe  principle  of  the  absorption  cycle  is  the  self  coollnr  of  the 
chilled  water  by  flashing  in  a  high  vacuum  In  the  presence  of  a  lithium 
bromide  solution.  Steam  or  hot  water  is  used  to  maintain  the  concentration 
of  the  lithium  brcnnlde  solution.  Comnerclally  available  standard  sizes  can 
be  selected  to  fulfill  the  cooling  requirements  of  any  of  the  facilities  vinder 
cons ideru  t ion . 

f^ram  the  previous  discussions  on  power  generation  it  becomes 
apparent  that  the  final  selection  of  the  refrigeration  cycle  ml^t  be  largely 
dependent  upon  obtaining  a  combination  of  power  generation  and  refrigeration 
equipment  idilch  will  produce  the  lowest  total  heat  rejection  with  the  view 
towards  reducing  to  a  minimum  the  heat  sink  requirements. 

An  example  mlg^t  be  the  case  of  an  open  cycle  gas  turbine  power 
plant  ecqiloying  the  economizer  lo  recover  heat  from  the  exhaust  gases  in  the 
form  Of  low  pressure  steam  or  hot  water  for  use  with  an  absorption  ^frlgera- 
tlon  unit.  fQils  utUlly  arrangement  will  increase  the  plant  t'-imaS  efficiency 
to  the  extent  of  producing  a  ton  of  refrigeration  vltiiwut  lucieaslng  the 
power  generating  capacl-ty.  Ike  heat  rejected  froa.  the  refrigeration  cycle 
will  be  on  the  order  of  30,000  BIU/EE^Ton.  On  the  other  hand,  if  a  vs^r 
conqpresslon  vinit,  electric  motor  driven,  is  used,  the  heat  rejected  will  be 
on  the  order  of  13,000  BIU/HR/Ton  end  the  plant  generating  capacity  Increased 
by  about  1  XW/Obn.  Depending  on  the  factors  of  geographic  location,  degree 
nt  hardness  and  operational  condition,  the  Increased  cost  of  the  beat  sink  for 
the  absorption  cycle  may  override  the  coat  of  the  enlarged  power  plant. 
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Obviously  the  numtoer  of  possible  coobinat  '.oas  of  povcr  generation, 
refrigeration  and  heat  rejection  equlpiuent  is  virtually  unlimited.  Some  may 
be  eliminated  from  further  consideration  merely  bj-  Inspection,  other  pos¬ 
sibilities  m«v  have  to  be  Investigated  thorou^^ily.  In  the  final  determina¬ 
tion  of  the  type  of  refrigeration  cycle  to  be  adopted,  emphasis  must  be 
placed  on  the  interdependence  of  the  principal  utility  components  and  their 
liipact  on  the  over-all  pover  and  heat  rejection  loads.  Only  then  can  the 
best  solution  to  the  problem  be  attained. 

Past  experience  with  facilities  of  the  types  under  consideration 
Indicate  an  ever  changing  utilization  of  the  available  space  within  the 
protected  areas.  Usually  the  changes  occasion  a  major  modification  of  the 
air  conditioning  system.  In  recognition  of  this,  it  is  incumbent  upon  the 
Design  Engineer  to  provide  an  air  conditioning  system  that  will  accommodate 
a  redistribution  of  internal  loads  but  not  necessarily  with  an  in¬ 

crease  In  the  over-all  facility  lOod.  Ths  supply  of  conditioned  air  to  the 
building  areas  on  a  modular  basis  is  considered  hlfd.ly  desiraole. 

In  regard  to  equipnent  selection,  every  effort  must  be  made  to 
utilize  components  that  require  a  minimum  of  floor  area  and  volvme.  A 
general  advantage  lies  with  amall  ax  '  and  medium  or  hi{^  velocity  air  dis¬ 
tribution.  A  limiting  factor  nay  b-  c..,eB8lve  fan  horsepower  or  noise 
associated  with  bif^  fai.  apeeds  and  air  velocities.  Only  Inconbus tibia 
materials  including  vapor  barriers  should  be  used. 

In  regard  to  the  areas  housing  essential  electronic  sad  electrical 
equipment,  the  uac  of  a  duplex  air  conditioning  ayatsa  sujy  be  required  to 
conform  to  the  over-all  reliability  of  the  waapoa  aysteo.  Since  the  ’hardware* 
Biy  be  a  predamluant  feature  of  the  hsrdensd  fecility,  It  is  essentiel  thet 
the  service  requirements  ioiposed  by  the  eystem  contractor  be  coordinated,  at 
the  outaet,  with  the  desl(pi  of  the  air  condlticniag  system. 

5.7. 4.7  Blast  cioaures.  dll  openings  from  the  protected 
facility  to  the  outside  must  hi  provided  with  blast  closures.  Saose  used  for 
persoaMl,  equipment  end  vehicular  access  can  end  ehould  be  closed  at  the 
start  of  an  alert  srd  their  operation  therefore  esn  &«  relatively  slow.  Die 
openings  for  air  supply  ar'*  axhauit  on  the  other  hana  rust  be  kept  In  an 
open  position  durtjg  the  alert  period  and  designed  to  close  instantly  by  the 
blest  pressure  or  when  ectuated  by  sosie  sort  of  equiy  .rut  thlt.i  would  be 
triggered  by  devices  sensitive  to  nuclear  effects.  Such  have  been 

developed  by  the  U.  S.  Any  Signtl  Corps.  Itje  fresh  air  supply  for  personnel, 
depenJing  on  the  ratio  of  latemc.1  vol«no  per  capita,  can  be  lat«rrt»p»-.  I  for 
aeverel  hours  without  any  deleterloua  effects,  in  the  even*,  rerou*'* 
coding  to%iere  are  «ni?''oyed  for  equlpaent  heat  disposal,  piovia.ons  esn  be 
Bade  to  store  water  as  th**  hast  sink  for  a  period  of  sttveral  hours  so  that 
the  air  supply  to  the  towers  Sicy  also  be  interrupted.  2h  view  of  this  the 
bleat  closur  in  the  air  shafts  serving  personnel  end  cooling  towers  can  be 
arranged  to  tvaoaln  closed  following  an  attack  and  then  opened  manudly 
r  fter  it  has  been  determixtsd  tbet  the  condition  of  the  outside  etaospbere  Is 
free  of  heavy  radlolcglcal  coatcsalnaats  a..d  satisfactory  la  regard  to  tempera 
ture  sn^  carbon  aoaoxlde  content. 


Wo  interruption.,  novever,  of  air  flow  throu^  diesel  engines  or 
gas  turbines  Is  tenable.  Such  equipment  must  aspirate  and  discharge  com¬ 
bustion  products  contlnuovtsly  in  order  to  maintain  operation,  ^erefore, 
the  blast  closures «  for  ccmibustlon  purposes  must  be  reopened  lioaedlately 
after  tlie  subsidence  of  the  blast  pressure.  However,  the  positive  phase  of 
a  hl^  yield  weapon  detonation  may  last  as  long  os  3  to  5  seconds  and  such 
an  interrn:$tlon  of  air  flow  would  result  In  a  shutdown  of  the  power  genera¬ 
tion  equipment.  For  the  hairdened  facility  .which  must  continue  to  function 
dtiring  and  limaedlately  following  on  attack  such  an  Interruption  In  power 
supply  is  not  tolerable.  Ito  obviate  this  condition,  auxiliary  valves  opening 
to  the  protected  space  must  be  provided  In  the  air  induction  and  exhaust 
systems.  Ihey  mxist  be  designed  to  open  instantly  whenever  the  blast  closures 
In  the  openings  to  the  outside  have  been  shut.  The  prime  movers  would  then 
aspirate  from  the  protected  space,  and  combustion  products  would  be  diverted 
into  the  power  plant  area.  The  length  of  time  that  ouch  a  d'verslon  can  be 
sustained  would  be  governed  by  space  temperature  rise  and  by  the  allowable 
concentrations  of  toxic  and  noxious  fumes  to  which  personnel  co^d  be  exposed. 

In  general,  a  diversion  time  of  10  seconds  lr<  tolerable  ^ich  Is  long  enoueh 
for  the  Initial  blast  pressm’e  to  subside  and  for  the  subsequent  reopening  of 
the  blast  closures.  It  is  self-evident  that  the  blast  c1ob\u:c8  and  auxiliary 
valve  must  be  arranged  to  actuate  slmultaneovisly. 

The  use  of  catalytic  afterburners  installed  In  the  esdiaust  gas 
opening  to  the  protected  space  may  be  considered  as  r.  means  of  reducing  che 
degree  of  contamination  during  the  diversion  period.  These  devices,  however, 
operate  effectively  only  at  elevated  temperatures  ^ich  would  not  be  in 
evidence  at  the  outset  of  the  dlverjlon  cycle.  Several  minutes  woul elapse 
before  the  afterburner  could  function  properly  and  in  the  Interim  the  con¬ 
centration  of  toxic  and  noxious  fumes  in  the  exhaust  gases  would  zemain 
unchanged.  In  view  of  the  foregoing,  no  further  consideration  should  be 
given  to  the  use  of  these  devices. 

Water  SuppIy.  The  requirement  for  water  supply  la  generally 
Influenced  by  two  determining  factors  namely,  the  domestic  consimptlon  and 
the  heat  sink  requirements,  with  the  latter  varying  over  a  vide  range  as 
discussed  previously  in  this  manual.  In  the  relatively  few  Inatancea  where 
dry-type  cooling  towezs  can  be  utlllz^  for  equipment  heat  disposal  the 
demand  for  water  supply  is  governed  only  by  requirements  for  domestic  con¬ 
sumption  including  fire  protection. 

5.7* Basic  Requirements. 

a.  Heat  Sink.  The  ccnvcntiunal  ruJ.e  of  thumb  method  ix>r 
estimating  heat  sink  requirements,  namely  1  to  2  gpm  per  ton  of  refrigeration, 

2  to  3  gpm  per  KW  for  steam  power  generation  and  0.2  cpm  per  XW  for  dieael 
power  generation  can  be  applied  only  If  a  once-through  cooling  cycle  Is 
utilized.  Since  It  is  unlikely  that  a  water  supply  of  adequate  capacity  for 
such  use  can  be  developed  within  the  protected  facility,  the  quantity  of  water 
for  »»nii-lpmr>n+.  dlnnnflM.I  will  N*  governed  by  the  type  of  heat 

sink  adopted  and  the  length,  of  button-iq>  period.  Because  of  the  Interdependmce 
of  the  utility  systein  components  and  -ttie  many  varying  types  of  hardened 
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facilities  under  cons idearat ion  it  is  inpossitle  to  present  a  rational 
quantitative  analysis  of  the  cooling  water  requirements,  which  may  range  from 
25  to  1000  gpn. 

b.  lioTOstic  Consaanptiop.  It  is  noi'mal  practice  to  supply 
water  to  a  milltaxy  base  in  the  enKaunt;  of  75  to  100  gpd  per  capita.  A 
hardened  facility,  if  located  remote  frcm  a  major  support  installation,  would 
probably  Include  billeting,  messing  and  recreational  facilities  in  addition 
to  the  operational  elements.  Accordingly  a  water  supply  for  domestic  pur- 
noses,  prior  to  an  attack  should  be  based  on^  amounts  in  the  order  of  75  to 
100  gpd  per  capita.  Following  an  attack  the  consumption  of  water  can  be 
limited  to  an  amount  necessary  for  drinking  and  minimal  hygienic  purposes  in 
the  Interest  of  minimizing  the  storage  requirements  for  the  button -vq>  period. 

A  water  use  in  the  range  of  20  to  50  gpd  per  capita  is  considered  adequate. 

Consideration  imist  also  be  given  to  the  prooccy  wa“er  requirements, 
if  any,  and  to  the  fire  protection  needs.  In  the  case  of  thi  former,  ‘the 
quantities  required  for  certain  ^rpes  of  facilities  may  have  a  greater  in¬ 
fluence  on  the  selection  of  the  water  supply  and  storage  system  than  would  the 
domestic  needs. 


5. 7. 5. 2  Water  Sources.  Die  adoption  of  the  concept  of  a 
'*button-vq>  and  restoration  capability  as  soon  as  possible”  dictates  the  de¬ 
velopment  of  some  type  of  protected  water  supply.  It  is  evident  that  the 
most  econcmilcal  and  least  vulnerable  would  be  a  soisrce  developed  within  the 
protected  area  of  the  facility.  However,  the  probability  of  developing  such 
a  supply  in  quantltleo  adequate  for  operational  piupposes  will  occur  in  onl^' 
few  instances.  In  general  some  outside  source  will  have  to  be  developed. 

a.  Well  Water.  Ihere  are  a  number  of  advantages  in  a 
dispersed  well  field  located  several  miles  from  the  hardened  facility  itself. 
Well  houses,  constructed  as  shallow  cut-and-cover  structures  designed  for 
nomliuC.  blast  resljtancc,  could  be  considered  m  hard,  by  virtue  of  dispersion, 
as  the  facility  Itself.  In  addition,  a  well  water  supply  would  not  be 
susceptible  to  radioactive  contamination.  Furthermore  the  teniperature  of  the 
water  is  likely  to  remain  at  or  near  the  mean  annual  temperature  of  the  sur¬ 
rounding  area  and  consequently  is  readily  usable  for  domestic  as  well  as 
equipment  heat  disposal  purposes. 

A  dispersed  well  supply  requires  burled  pxpe  line  connections  to 
the  facility,  and  it  must  be  recogaizsl  that  even  thoiif^  they  have  some 
Inherent  overpressure  blast  resistance  they  are  a  weak  link  partlcvdLurly  in 
the  proximity  of  the  facility  itself.  3he  facility  must  be  se?f  sustolnlnj 
for  c  long  enou^  button-iq>  period  to  permit  repair  of  ru*:~.v4red  lines  or 
the  replacement  of  those  lines  with  light  weight  F.O.L.  piping  installed 
abovegrotmd.  Conservative  estimates  of  the  tjrie  reviulred  to  restore  the 
capability  of  the  water  supply  syst^  vary  from  a  week  to  several  weeks. 

b.  Surface  Water.  Share  may  be  Instances  idiere  the  develop¬ 
ment  of  a  well  water  supply  is  either  impossible  or  too  costly  and  some 
natiural  water  shed  would  have  to  be  utilized.  She  flow  of  the  river  or 
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mountain  stream  in  such  a  vater  shed  should  be  thorougiily  Investigated  l^oji-o- 
logica?.ly  to  determine  its  discharge  during  dry  seasons  relative  to  tiie 
quantities  of  water  reqxilred  by  the  facility  fbr  operational  purposes.  It  may 
be  that  even  the  dry  season  discharge  would  be  of  sitfficlent  quantity  to  be  used 
in  a  once-througli  cooling  cycle.  Hie  creation  of  an  impounded  supply  by  means 
of  a  dam  in  the  vater  shed  should  "be  avoided  if  at  all  possible,  since  the 
dam  itself  would  be  highly  vulnerable  to  a  nuclear  attack  and  tlie  impounded 
lake  would  be  hl^ly  susceptible  to  contamination  sabotage.  If  a  surface 
supply  is  unavoidable,  consideration  must  be  given  to  the  use  of  special 
<rater  treatment  to  counteract  the  effects  of  radiation.  It  is  conceivable 
that  the  entire  water  shed  may  be  contaminated  with  long  half-life  radioactive 
substances.  Althouf^  these  may  constitute  only  a  minute  percentage  of  the 
total  fallout,  continued  ingestion  by  humans  could  prove  fatal,  and  therefore, 
a  conventional  ion -exchange  demineralization  system  should  be  provided  In 
the  facility.  The  demineralized  water  which  1«»  considered  "aggesslve"  mus+ 
then  be  further  treated  to  make  it  compatible  with  standard  plumbing  and 
piping  materials. 


5.7.6  Sanitary  Facilities.  In  ge-^eral  distribution  of  d<»nestlc 
water  and  the  collection  of  sanitary  wastes  within  the  protected  facility  are 
of  conventional  design.  Acceptable  design  procedures  are  set  forth  in  appro¬ 
priate  military  manuals  (Kefs.  5»7“7>  5*7”12,  and  5*7“1^)  and  should  be 
adhered  to  ^erever  applicable.  Consideration  should  be  given  to  the  use  of 
chemical  toilets  for  very  small  hardened  satellite  facilities,  in  order  to 
conserve  the  water  supply  during  the  button-up  period.  However,  in  the  larger 
facilities,  the  use  of  ch^iical  toilets  would  be  impractical  and  conventional  ’ 
means  must  be  employed.  Ihe  soil  and  waste  stacks  can  be  fitted  vi>h 
activated  charcoal  canisters,  at  their  terminals,  thus  allowing  them  to  vent 
into  the  protected  space.  The  combination  of  charcoal  and  dilution  by  the 
ventilation  system  will  render  the  vapors  innocuous. 

Ihe  collected  sewr^  ultimately  must  be  conveyed  to  the  outside  and 
disposed  of.  Wherever  possible  the  protected  facility  should  be  locally  sited 
to  permit  gravity  drainage  of  the  sewage.  In  all  jirobabillty,  however,  cut- 
and-cover  type  structures  will  require  the  use  of  a  lift  station  and  force- 
main  to  condxict  the  sewage  to  the  outside.  The  ultimate  means  of  disposal  may 
Include  existing  municipal  or  military  sewerage  systems,  new  local  treatment 
facilities  or  raw  stabilization  ponds.. 

La  regard  to  the  disposal  of  rubbish,  kitchen  run  garbage  and 
classified  material,  consideration  must  be  given  to  some  fozm  of  destruction 
and  volume  reduction.  Two  methods  are  considered  feasible,  namely  incinera¬ 
tion  or  comminution  and  extraction.  In  the  case  of  the  fonurr  cemb^ntion 
air  is  required  and  in  the  latter,  greater  storage  is  needed. 

5.7.7  Fire  Protection.  Although  the  structures  under  consideration 
as  well  as  the  housed  furnishings  and  equipment  ore  pred<»tlualel^'  inccmobustlble, 
it  is  extremely  important  to  preclikte  the  gzowth  of  incipient  small  fires 
supported  by  paper  and  similar  material  in  areas  within  the  structure  which 
liioy  be  ut '.occupied  for  extended  pu^ods  of  time. 
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Oie  use  of  automatic  vater  sprinklers  Is  considered  undesirable 
because  of  the  possible  dama^  to  electric  and  electronic  equipment,  u  Is. 
recoBnended  that  consideration  be  given  to  the  use  of  a  fire  detection 
system  in  conjunction  with  portable  dry  chemical  or  carbon  dioxide  extin¬ 
guishers  for  fire  protection.  3he  vise  of  occupational  (l-l/s  Inch)  hose  racks 
In  seirvice  areas  are  also  considered  applicable.  Ohe  fire  detection  system 
should  be  of  the  coded^  closed  circuit,  supervised  proprietory  type. 

A  system  of  smoke  abatement  must  be  considered  since  the  facility 
is  ^’Ithout  fenestration  or  other  direct  openings  to  tlie  outdoors,  nve  air 
conditioning  system  should  be  arranged  to  minimize  the  possibility  of  dis¬ 
tributing  or  recirculating  fire  or  smoke  throue^out  the  facility.  A  subdivision 
of  the  Installation  Into  fire  zones  tdiereln  the  supply  of  conditioned  air  and 
the  exhaust  of  the  vitiated  air  Is  balanced  will  tend  to  reduce  the  spread 
of  snt^e.  A  separate  exhaust  system  capable  of  withdrawing  air  fr<m  any  one 
fire  zcne  or  subdivided  area  and  dlscbt<rglug  tlie  air  directly  V.  the  outdoors 
is  considered  desirable.  Controls  can  be  provided  Literlocked  with  the  fire 
detection  system  to  energize  the  exhaust  fan  and  position  a  damper  which  will 
connect  only  the  affected  zone  or  ai’ea  Into  the  exhaust  system  for  smoke 
purging. 
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peU  OVUXU 

5.8.1  Introduction.  Experience  In  costs  of  protective  construction 
is  limited  to  a  small  nvsaber  of  actual  construction  projects  and  relatively 
few  design  studies.  Ihus  three  types  of  estimates  may  be  made  from  data 
presently  available. 

a.  Gross  Facility  Estimate.  This  provides  a  single  unit 
cost  ($  per  sq,  ft.)  for  an  entire  facility.  Including  all  structural, 
mechanical,  electrical  elements,  access,  utilities,  etc.  It  can  be  used  only 
in  cases  -idiere  the  facility  in  question  is  typically  the  same  as  one  for  \diich 
actual  construction  cost  experience  is  available.  The  limits  of  this 
experience  are  given  In  Para.  5*8.2. 

b.  Limited  Cost  breakout.  Eilo  reduces  the  total  ractlity 
costs  to  nine  elanents,  for  each  of  which  tmit  costb  are  provided  as  dis¬ 
cussed  in  Para.  5* 8.3*  ^is  method  is  applicable  to  cases  wher-*  the  lc'<''el 
of  pi^otection,  size  and  general  configuration  of  the  facility  'xre  known  but 
advanced  designs  are  not  ayallable  and  no  direct  experience  data  arc  available. 
It  viU  the  most  common^  used  method  lii  review  of  protective  consti-uc tiuii 
projects i 

c.  Detailed  Cost  Breakout.  Ihls  requires  a  near-final  design 
for  the  facility  and  connlnts  of  the  procedures  used  convent lonolly  in  cost 
estimating.  It  will  not  be  discussed  further  here.  It  is,  of  course,  the 
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most  reliable  method.  Special  consideration  must  be  given  to  thie  mechanical/ 
electrlci^  costs  and  to  access  requlr^ents. 


5«8*2  Gross  Facility  Estimate.  Data  on  gross  I'acllity  estimates 
are  Included  In  Vol.  II.  Cost  data  on  fallout  shelter  construction  for  new 
facilities  are  presented  In  Table  5-4, 

Limited  Cost  Breakout.  Table  5*5  presents  a  list  of  the 
major  elements  which  should  be  Included  in  limited  cost  breakout  estimates 
and  suggested  unit  costs  to  be  used  in  eva).uating  the  contribution  of  each 
element.  In  some  cases  It  Is  necessai'y  to  indicate  rutiges  of  unit  C'^sts  and 
the  estimator’s  Judgment  of  the  particular  case  will  be  required  tc  select 
reasonable  values  vlthln  such  ranges. 

The  costs  cf  excavation  and  the  structure  Itself  have  been  shown  as 
two  separate  items  because  depth  of  ct-  ucture  can  vary  over  a  v'.ie  range  and 
excavation  costs  rise  rapidly  wltli  depth  of  cover.  R.e  sepstratiin  of  the 
first  three  items  of  Table  5 “5  requires  that  the  estimator  start  with  a 
minimum  design  concept.  This  concept  must  Include  the  following  Items:  type 
and  size  of  basic  structure,  and  depth  of  cover.  Prom  these  he  must  determine 
at  least  approximate  excavation  and  fill  quantities  and  size  of  entrance 
stmctiure.  Figures  5“15  and  ^-16  show  the  variation  of  cost  of  base  struc¬ 
tures  as  a  function  of  type  of  stmeture.  Figures  5"17>  5“l8  and  5-19  show 
the  variation  for  a  particular  structural  type  as  a  function  of  span  or 
column  spacing. 

nie  addltlone^.  costs  of  stairs  or  ramps  In  momded  or  burled 
construction  Is  to  be  Included  under  Item  3  of  Table  5~9*  Oiese  Items  can 
be  almost  as  costly  as  the  basic  structure,  (Ref.  10 ),  particularly  when  the 
basic  structure  Is  re3.atively  small.  Figures  5-I5  and  5-16  are  alike  except 
that  the  curves  of  Fig.  5-16  Include  costs  of  entrance  structure  whereas 
those  of  Fig.  5-15  do  not.  Fo-  larger  structures  of  a  given  type  the  cost 
cf  entrance  structure  should  not  increase  appreciably  with  size  of  structure, 
any  Increase  being  primarily  due  to  increase  In  depth  of  cover  (if  any) 
required  by  the  larger  basic  structxire.  For  example,  a  buried  rectangular 
structiire  can  be  Increased  In  size  (plan  area)  without  Increase  in  depth  of 
cover,  and  therefore  ii\kthout  Increase  In  cost  of  entrance  structure.  On 
other  band.  Increase  In  the  size  of  a  burled  dome  requires  an  Increase  in 
the  distance  fxtmi  the  surface  to  the  basic  structxu’e  wh  .ch  must  be  provided 
for  by  the  entrar.ce  structure,  Ihus  the  cost  of  entrance  structura  must  be 
increased  In  this  latter  cose.  To  obtula  cui  estimate  of  entrance  structure 
cosi  ^or  a  structure  of  different  «?lze  tlian  is  represented  by  the  curves  of 
Figs.  5-15  and  5“l6  the  following  approach  is  suggested. 

a.  By  subtracting  cost  on  the  appropriate  curv<4  of  Pig.  5-15 
frean  the  corresponding  curve  of  Fig.  5-16  a  cost-of -entrance-structure  per 
square  foot  of  the  basic  strictiu:e  for  which  these  curves  are  drawn  is  obtained 

b.  Sy  multiplying  the  figure  obtained  In  "a"  by  the  area  of 
the  corresponding  basic  structure  (listed  In  Fig.  5-16),  a  cost  of  entrance 
structure  Is  found  corresponding  to  the  size  of  basic  structure  represented 
in  Figs.  5-15  and  5-16. 
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c.  She  cost  found  In  "b"  must  be  multiplied  by  the  ratio  of 
entrance  size  for  the  structure  of  interest  to  the  entrance  size  for  the 
structure  ispresented  in  Figs.  5-15  and  5-16. 

Figure  ^-20  gives  approximate  costs  of  protective  doers,  per  square 
foot  of  opening,  as  a  function  of  prcssxirc  and  size.  Ttie  cost  curves  also 
consider  the  attitude  or  orientation  of  the  door  In  terms  of  vhether  It  will 
be  subjected  to  slde^on  or  reflected  pressure.  Ckjsts  of  stairs,  ramps  or 
other  access  are  not  included  in  Fig. 

5.8.4  Factors  Affecting  Costs.  Some  general  discussion  of  cost 
factors  follovs : 

a.  Level  of  Protection.  Ihe  strength  and  cost  of  structural 
components  must  increase  vith  the  overpressure  level  to  be  resisted,  and  the 
results  of  design  studies  of  cost  often  have  been  presented  In  the  fozm  of 
cost  factors  vs  design  overpressure  (Befs.  10,  11,  I2).  Thise  cost  facto.-s 
may  be  dollars  or  dollars  per  square  foot  or  ratios  of  cost  at  given  over¬ 
pressure  level  to  cost  of  conventional  (non-hardened)  construction.  Vhen  data 
given  In  this  form  are  Intended  to  reflect  total  costs  (structural,  mechanical- 
electrical  Including  air  conditioning  vhere  required,  etc.)  they  must  neces¬ 
sarily  be  more  approximate  and  less  reliable  because  total  coats  cannot  be 
ej^ressed  as  simple  functions  of  overpressure.  On  the  other  hand,  data  of 
this  kind  covering  only  the  structural  costs,  and  for  specifically  defined 
structural  types,  can  be  sufficiently  accurate  to  be  useful  if  pxoperly 
combined  vlth  estimated  costs  of  the  appropriate  non -structural  items.  Vhen 
dollars  per  square  foot  are  presented  as  the  cost  factor  the  estimator  should 
make  certain  that  the  areas  used  in  compxiting  such  factors  correspond  to 
areas  i.tilch  arc  useful  for  the  Intended  function.  For  example,  in  arch  and 
desne  coMtruction  perimeter  areas  may  have  to  be  discounted  because  of  insuf¬ 
ficient  head  room. 

It  is  nv/ted  that  overpressures  are  not  always  the  governing  factor 
In  cost,  from  the  point  of  view  of  protection  level.  In  particular,  for 
surface  structiires  designed  to  low  overpressure  levels,  protection  against 
radiation  hazards  (in  Uie  form  of  minimum  thicknesses  of  structural  components 
and  provision  for  air  filtering)  may  be  much  more  iuq>ortaut  than  overpressiure 
levels. 


b.  Size.  Ffom  the  point  of  view  of  direct  structural  costs, 
the  required  size,  particularly  the  required  clear  span,  .'.a  hi^Jily  important. 
Figure  5-17  indicates  the  Influence  of  deaf  span  on  cost  for  a  simple 
rectangular  form  of  structure.  It  must  be  emphasized  that  the  'luest^on  of 
size  cannot  very  well  be  separated  from  the  question  of  lU3ica.on.  Ihla  may 
be  illustrated  by  the  fact  that  floor  space  provided  In  arched  .and  domed 
structures  is  related  to  size  of  the  structure  and  to  adiether  multi-level 
floor  systems  can  be  utilized.  If  such  utilization  Is  feasible  larger  spans 
in  structures  of  this  kind  may  be  attractive. 

For  certain  special  coses,  such  as  aircraft  shelters,  the  necessary 
spans,  and  particularly  the  coirespondliigly  l«u'ge  oltv  and  enti'ancea, 

dominate  the  cost  (Bef.  15)* 

*  % 
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c.  Ifumber  of  Personnel  and  Duration  of  Occupancy.  HnmAn 
occupancy  adds  much  to  the  cost  of  protective  construction.  Utilities,  mess¬ 
ing  facilities,  food  and  vater  storage,  alr-conditloning,  are  costly  items 
dependent  upon  the  number  of  people  vho  must  live  In  the  protected  structure 
and  the  anticipated  d\iratlon  of  their  occupancy. 

d.  Function.  It  Is  apparent  that  all  other  listed  factors  are 
directly  or  Indirectly  related  to  the  function  of  the  protected  Installation. 
Both  day-to-day  and  attack  conditions  of  operation  may  be  significant  from 
tue  point  of  view  of  costs.  Ihe  requirements  for  utilities,  air  conditioning, 
entrances,  etc.,  may  vary  from  a  minimum  In  the  case  of  u  warehouse  to  a 
maximum  In  the  case  of  a  missile  base  or  command  center. 

e .  Geographical  Area  and  Sneclflc  Site  Location.  Factors 
idiich  Influence  the  cost  of  conventional  constzntc'tion  'ore  at  least  equally 
significant  to  the  cost  of  protected  coastrurtion.  Proximity  to  transporta¬ 
tion,  power  and  vater,  and  the  local  availability  of  labor  and  materials  are 
pertinent  considerations.  To  a  certain  extent  these  can  be  accounted  for  by 
the  application  of  "Location  Factors”  such  as  those  tabulated  In  Bef.  l4. 
Wherever  possible,  however,  cost  estimates  should  be  based  on  designs  which 
give  full  consideration  to  local  condltlom^  and  location  factors  should  be 
used  only  when  better  information  Is  not  available. 

Ihe  cost  of  protective  construction  may  be  very  sensitive  to 
conditions  at  the  specific  site.  The  type  of  soil  to  be  handled  Is  a  major 
factor  In  costs  of  excavation  and  foundations;  the  Importance  of  this  factor 
Increases  with  depth  of  construction.  Ground  vater  may  add  greatly  t'*  the 
costs  of  construction  operations  and  entail  additional  expense  for  water¬ 
proofing  the  structure. 

Whether  a  particular  structure  Is  Isolated  or  part  of  a  coiqplex- 
may  influence  direct  construction  costs  as  well  as  mechanical  and  electrical 
costs  for  the  finished  installation.  Similarly  the  distances  between  struc¬ 
tures  In  a  coiq>lex  may  also  Influence  direct  and  Indirect  construction  costs. 

f.  Other.  A  nvaaber  of  factors  other  than  those  mentioned 
above  can  affect  the  costs  of  protective  construction.  These  include  the 
following: 


(1)  The  degree  of  certainty  in  the  design  of  the  operational 
system  idilch  is  to  be  protect  *d 

(2)  The  time  lurgency  of  constnictlon 

(3}  Weatlier  conditions  at  construction  site. 

Experience  with  construction  of  the  Atlas  and  Titan  missile  bases 
has  Indicated  that  substantial  Increased  costs  can  be  Incurred  by  change 
orders  necessaiy  as  the  basic  missile  syst«&  design  Is  evolved. 

To  cover  the  above  costs  contingency  items  are  included  in  budget 
estimates  as  well  os  allowance  for  govenment  costs  of  engineering  and  design, 
svq>ervlsion  and  inspection,  and  overhead.  A  factor  of  21  percent  of  the  basic 
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contreictors  bid  price  has  been  applied  in  the  curves  of  this  chapter. 

However,  because  of  the  uncertainties  ensocrinted  vlth  construction  of  some 
protective  facilities  the  factor  mao,’  as  hi^  as  30  percent. 

5.3.5  References  and  Bibliography.  Additional  reference  material 

on  costs  from,  a  number  of  somoco  has  been  reviewed  but  specific  reference  to 
each  report  has  not  been  indicated  here.  Sene  of  the  material  is  inconsistent 
•because  of  the  reasons  noted  above.  All  of  the  references  cons-olted  are 
listed  in  Para.  ?.2,  in  Refa.  10  through  l4,  and  in  the  Bibliography  in 
Peora.  5*8*6.  "  -  -  * 
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U.  S.  Amy  Engineer  District,  Los  Angeles,  Calif.,  (CUO) 

Yiq)  ^farch  AFB  Combat  Operations  Center ^is  ^f  Pesigi. 

Outline  Specifications  and^on^^l  KstlmaT^^Uated^^'^^'^^ 
December  I960,  prepared  by  Donald  R.  Warren  Company  under 
contract  vith  the  U.  S.  Army  Engineer  District,  los  Angeles, 
Calif.,  (000). 

(11)  HORAD  Site  Investigations,  Foas''l'ri+y  Revort",  dated 

January  1959>  andl^eport  on  Aux.  .  .ary  Sitr.s  D  and  E", 
dated  May,  1959>  prepared  by  Parsons,  Brlnckerhoff,  Hall 
and  MacDonald,  under  contract  vith  the  U.  S.  Amy  Engineer 
District,  Gtaaha,  Nebraska,  (SECRET). 

(12)  ■'SACS  Super  Combat  Center  Site  Adaptation  Report,  Deep 
Underground  jollity  (^pothetical  Site)*,  Auguat  15,  1959, 
prepared  by  Praeger*Kavana^>Vaterbuzy  under  contract  vith 
the  0.  S.  Amy  Engineer  Dlatrict,  Hev  York,  (COKPUSMTIAL). 


3.9  SHOCK  AITEHUATIOK  HI  TUNNELS  AND  DUCTS 

5.9«1  Eptry.  When  a  stock  vave  in  the  air  encounters  on  opening 
such  as  a  tunnel,  shaft  or  duct  leading  to  a  buried  facility,  a  shock  vave  is 
fonaed  in  the  duct.  The  maximum  peak  overpreaeure  in  the  duct  occurs  about 
5  to  7  diemetera  Ixxrlde  the  e«rtranoe,  and  Ita  naorltude  is  a  function  of  the 
peak  overpressure  In  the  vave  outaida  end  the  angle  betveea  the  canterllna  of 
the  tunnel  and  the  direction  in  vhlch  the  shock  is  traveling. 

Pig  5'21  Ihovs  this  relationship  for  three  angles  of  Incidence; 
faee>oa,  oblique  {ky)  and  side>on* 

5.9.2  Attenuation 

a.  Straight  Tunnel  Sections.  The  c.ecay  In  peck  overpressure 
vith  distance  as  a  shock  vave  is  pronagated  dovn  a  straight  tunnel  lu  n  func¬ 
tion  of  the  distance  involved,  the  alaoeter  <•/  the  tunnel,  nno  vfloutive 
duration  of  the  shock  veve.  The  percent  of  the  Initial  peak  overpressure  in 
the  tunnel  la  plotted  au  a  function  of  the  length  to  diaaeter  ratio  end  aa  a 
funetion  of  tha  effactive  duration  of  the  aboek  vave  in  Pig.  5*22.  The 
effective  duration  of  the  i^tock  vave  in  the  tunnel  may  ba  atated  aa  a 
dtmenaionlaaa  parematar  vhich  la  a  function  of  the  length  of  the  tunnel,  the 
mmimm  peak  overpreaeure  In  the  tunnel  and  the  yield  of  the  veapon  employed. 
It  mey  he  ooaputed  from  the  follovlng  expraselon: 


•vhere  t 


00 


■9f 


P, 


so 


^  “  [  L  ^miilisec^  "*■  Uo  ^10  psl^  ]  (5-19) 

dlaenslonles*  effective  duration  parcaneter  of  the  shock  vave 
120  Mlll„c. 
length  of  tiumel  Involved 

maximum  peak  overpressure  In  the  tuuiel  (at  entrance). 


^To  use  Fig.  3-22  enter  the  abscissa  with  appropriate  vtdues  of  l/j) 
and  i/t.  For  example;  for  L  ■  lOOu  ft.,  n  ■  10  ft.,  W  ■  1  and  p  ■ 

100  pal;  I^D  ■  100  and  ■  5«  The  oidlnates  Tor  these  t  /o  values*are 
and  6llt>  respectively.  The  product  of  the  tuo  (32jt)  Is  the  percent  of  the 
Initial  peak  overpressure  tdilch  occvizs  at  the  distance  1000  ft  dovn  a  stralf^t 
tunnel  section  10  ft.  In  diameter  under  the  given  conditions. 

Althouph  the  naxlmum  value  of  the  peak  overpressure  occurs  some 
distance  Inside  the  entrance,  the  total  length  of  tunnel  Involved  should  be 
xued  to  coaapute  the  pressure  at  distances  greater  than  lOD.  Attenuation  of 
pressure  In  tuzmels  shorter  than  lOD  In  length  may  be  neglected. 


b.  Bffect  of  Tunnel  Configurations.  JUst  as  bends  and  tees 
affect  the  pressure  In  a  fluid  flovlng  throu{^  a  pipe,  such  conflg'.xatlons 
affect  the  peak  overpressure  In  a  shock  wave  ti-avellng  down  a  tounel  or  duct. 
The  effect  of  some  of  these  configurations  have  been  investlga'Med  by  SNans  of 
shock  tubes  and  hlgi  explosives.  The  results  of  those  aqplrlcal  studies  are 
•OHrlsed  in  Fig.  3-23.  This  flgm  Is  self  explanatory.  The  decay  In  peak 
overpressujre  caused  by  a  slugle  bend  is  very  aaud.1  and  uc'  be  neglected* 


5*9.3  ftrfifcttofli 


**  tunnels  greater  than  five  diametofs 

In  length,  the  peak  reflected  overpressure  on  a  door  or  other  cloture  in  the 
tunnel  may  be  obtained  trom  Fig.  3*24.  That  figure  Is  a  pl'^t  of  the 
following  expression. 


7r  ♦ 


(5-20) 


where 


Pj.  "  Poek  reflected  overpreesure,  p»i 

^•0  *  Incident  peak  overpreksurf  In  Che  tjnnel  at  the  cloture,  pel 
Pq  ■  msbient  atmospheric  pressure,  psi 


b.  Short  Tunnels.  Doers,  blast  valves  or  other  closures  art 
sometimes  set  back  s  short  distance  (  <  3D)  from  the  face  of  the  mountain  or 
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the  Junction  of  the  tunnel  vlth  an  entrance  tunnel.  In  this  short  length  of 
tunnel  the  shock  picture  Is  confused  by  reflections  and/or  vortices  fbrmed 
at  the  entrance.  In  the  absence  of  ta&plrlcal  data  or  a  theory  vhlch  uould 
permit  e  more  accurate  determination.  It  Is  suggested  that  the  value  of  the 
peak  reflected  overpressure  be  asstsaed  to  vary  linearly  vlth  the  distance 
dovn  the  tunnel.  Tbr  example.  If  a  door  vere  placed  In  a  short  tunnel  at 
right  angles  to  an  entrance  or  bypass  tunnel,  the  peak  reflected  overpressure 
on  the  door  voitld  be; 

5r  -  ^  ^Pr  "  Pso^'  0  <  X  <  5D  (5-2l) 

vhere  p^  •  value  of  peak  reflected  overpressure  on  door,  psl 

p  *  slde-Kin  peak  overpressure  In  entrance  tunnel,  psl  * 

BO 

p^  «  peak  reflected  overpiieasure  as  d6term'*jied  from  Fq.  (5-2O) 

X  >  length  of  stub  tunnel. 

Sote  that  If  the  door  vere  flush  vl.th  the  entrance  tunnel  the  peak 
overpressure  on  the  door  vould  be  the  slde-on  overpresaure  in  the  entrance 
tunnel  at  that  point. 

Loedlnjc  on  Closures.  Die  shape  of  the.  loading  function  on  a 
closure  In  a  tunnel  miy  be  represented  In  general  by  '^at  ahovn  In  Fig.  9x23. 
Ae  peak  reflected  overpressure  aiy  be  obtained  as  Indicated  In  Para.  3.9*3 
shove,  and  the  duration  of  the  spike  of  reflected  pressure  may  be  conputed 
approximately  from  the  foUovlng  expression: 

tp  •  ^  ^  (3-22) 

r  ^ 

vhere  tp  ■  duration  of  s^<lke. 

X  ■  length  of  tunnel  In  front  of  door. 

■  velocity  of  reflected  shock  vave  vlth  respect  to  the  door. 

a^  •  velocity  of  rarefaction  b^ind  reflected  shock  front. 

For  use  in  Eq.  (3-22),  U  and  s^  are  plot* .d  tcgetuior  vlth  the 
ln<!ldent  shock  velocity  as  a  function  of  ue  incident  peak  overpressure  on 
the  door  In  Fig.  3*26.  Ihese  wloclties  should  be  u»ed  for  relatively  short 
tunnels  only.  If  the  tunnel  leading  to  the  closure  is  very  long  tb**  >9lCK:lty 
of  the  reflected  vave  vlU  very  vlth  the  pressure  as  vUl  the  v  inclt.*  jf  ta* 
rarefaction  vave. 

As  Indicated  in  Fig.  3-23,  the  spike  of  reflected  pressure  is 
superimposed  on  the  pressure  time  function  for  the  shock  vsve  at  tha  mouth 
of  the  tumal  leading  to  tha  oloaure.  fbr  axample,  for  the  caaa  nf  a  tunnal 
Joined  to  an  entrance  tunnel  the  preaaure  time  fisMtion  vould  be  that  of  the 
ahook  vave  In  tbv  entrance  tunnel  at  that  point. 


A 


Uto  compute  the  time  required  for  a  shock  wave  to  enter  a  blast  trap 
or  debris  pocket  and  return,  the  following  expression  may  be  used; 


iftiere  U  -  incident  shock  velocity. 

8 

Here  tbla  expression  should  be  modified  for  long  tunnels  to 

take  into  account  the  decay  to.  pressure  with  distance.  Eovever,  it  will 
provide  a  reasonably  accurate  determination  of  the  time  required  for  traps  up 
to  SOD  in  length  idien  large  yield  weapons  are  employed. 

5.9.5  Limited  Elbliography  on  ^ock  in  Tunnels 

(1)  "First  Information  Summai’y  of  Blast  Patuims  in  TunnelF 
and  Chambers",  Shock  Tube  Facility,  BfaHstlc  Research 
Laboratories,  Aberdeen  Proving  Ground,  Maryland,  March 
i960  (UNCLASSIFIED). 

(2)  Swatosh,  J.  J.,  Jlr.,  and  Birukoff,  R.,  "Blast  Effects  of 
Tunnel  Configurations,  Final  Test  Repor*.  Ho.  17">  Armour 
Research  Foundation  and  Air  Force  Special  Weapons  Center, 
Albuquerque,  New  Mexico,  AFSWC-ra-S?***®*  1  October,  1959# 
(UNCLASSIFIED). 

(3)  Clark,  R.  0.,  and  Coulter,  G.  A.,  "Attenuation  oi  Air- 
Shock  Waves  in  T'jnnels",  BRL  Memo  Report  No.  3278,  DASA 
Report  No.  1176,  Da3J.iitic  Research  Laboratovies, 

Aberdeen  Proving  Ground,  Maryland,  June  I96O  (UNCLASSIFIED}. 

(U)  Clark,  R.  0.,  and  Taylor,  W.  J.,  "Shock  Precaurea  in 
Tvmnels  Oriented  Face~on  and  Slde*on  to  a  Long  Duration 
Blast  Wave",  BRL  Msa»  Report  No.  1260,  Ballistic  Research 
Laboratorlec,  Aberdeen  Pro/L*.g  Grcaad,  Maryland,  June 
196c  (UNCLASSIFIED). 

(5)  Shear,  R.  B.,  and  McCane,  P.,  "Hc-mally  Reflected  Shock 
Front  ParaBwtera",  BRL  Memo  Report  80.  1273,  Ballistic 
Research  Laborat'"‘ics,  Aberdeen  Proving  Ground,  Maryland, 

May  i960  (UNCLASSD'XBD). 

(6)  "Shock  Wave  Beha/lor  In  Tunnel -Adl^-n  S-.-'t*.-.,  axp*oratcry 
Phase",  MUc.  Paper  Bo.  2-212,  Watorvays  Experiment  Station, 
Ooms  of  Engineers,  U.  S.  Army,  Vicksburg,  MJsatssippl, 

April  1957,  (CQKFIJDBITZAL). 

(7)  Shapiro,  A.  B.,  "She  CynsBlcs  and  Thermodynamics  of 
Omspreaalble  Fluid  Flow",  Ihe  Ronald  Press  Company,  Baw  York, 
B«v  York,  1958. 


Depth,  ft 


Change  In  max.  vert,  dlsplacei  ent, 
reduction  from  surface  values,  in. 


elastic  component  permanent  set  component 


_  rt 

_  .  .  'co  /1000fPB\ 
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TABU  5-2 


ILLUSTRATIVE  EIAMPLB  -  FREE  FIELD 
EARTH  SHOCK  EFEECTS  AT  VARIOUS  IEPTH3 

V  »  8  HP 
Pgo^  200  pel 

c  -  2000  ft.  per  sec.  dovn  to  a  depth 
of  at  least  h  «  1000  ft. 


Quantity 

Direction 

Max. 

Effects  at  Depth. 

ft-. 

0 

50 

100 

Displacement,  In. 

Elastic 

Vert. 

13.2 

12.6 

12.0 

Hor. 

4.U 

4.2 

4.0 

Plastic 

Vert. 

1.3 

0.7 

0 

Bor. 

0.4 

0.2 

0 

Total 

Vert, 

14.5 

13.3 

12.0 

Hor. 

4.8 

4.4 

4.0 

Velocity,  ft.  per  eee. 

Vert. 

4.0 

3.6 

5.2 

Hor. 

2.7 

2.4 

2.1 

Accol.,  g 

Vert. 

150 

18 

6 

Hor. 

150 

16 

8 
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ariwi 


5-71 


d  on  13  •<!•  rt-  sross  per  person. 

isles  1  gnl.  vnter  per  person  ^r  day  for  lU  days,  1  toilet  per  70  persons,  and  engine  generator 
for  li^t  sdc  pover.  Does  not  include  cost  of  collateral  equipment. 


TABUS  ^-9  (Continued) 
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Rotio  Of  0«pth  To  Silo  Rodiut,  z/r 


Ratio  Of  Pressure  At  Depth  z  To  Pressure 
At  Infinite  Depth.  P2/Pee 


FIG.  5-1  HORIZONTAL  D£A0  LOAD  PRESSURE 
DISTRIBUTION  AGAINST  SiLO 


: 


SOS2  OCC  '»0-MAy  01 


Pressure  At  irfSnite  Depth, 


Angle  Of  Internal  Friction,  ^  ,  degrees 


FIG.  5-2  MAGNITUDE  OF  HORIZONTAL  DEAD 
LOAD  PRESSURE  ON  SILO  AT 
INFINITE  DEPTH 


FIG.  5-3  HORIZONTAL  DEAD  LOAD  PRESSURES  ON 
SO -FOOT  DIAMETER  SILO  FOR  VARIOUS 
ANGLES  OF  INTERNAL  FRICTION. 


FIG.  5-5  SHOCX  SPECTRUM  BOUND  FOR  EARTH  MOTION 
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Oos«  Trontfnission  Factor 
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FIG.  5-9  SHIELDING  FROM  RESIDUAL 
GAMMA  RADIATION 


TuRaO-CEN»*TON  UNIT 


FIG.  5-10  CYCLE  DIAGRAM  FOR  NUCLEAR-STEAM  TURBINE  POWER  PLANT 
PRESSJRIZED  WATER  TYPE 


FIG.  5-U  C\CLE  DIAGRAM  FOR  NUCLEAR -GAS  TURBINE  POWER  PLANT 


POWER  load 


HydroQtn  onJ  oiyQtn  gofM  tntor  Iht  c«ll  through 
•pociollyiroouu,  corton  oltctrodot,  ond  tfiffuto  to  tho  lur- 
foco.whoro  ih«y  corn#  in  contoet  with  iho  oloctroiyio,  o  lolulion 
of  potoMium  hydroiitfo.  At  tho  hydrogon  oloctrodo,  tho  oloclro- 
biiuiitivai  ••octtoi)  («;«oi«»  sn  dlietron. which  flow*  mmugh  tho 
tilornol  circuit  ofid  ••  occoptod  ot  tho  oiygoA  oitctrodc.  Thi» 
flow  of  dicetrono  tc  tho  current  thot  poworo  oloctrieol  oguipmont. 
Ionic  conductivity  through  tho  oloctrolyto  cotnptotoo  tho  circuit, 
ond  tho  wotor  forinod  in  tho  rooction  pooooo  from  tho  coil  in 
tho  goo  otroom  ond  io  romovod  hy  ouitoMo  moono. 


FIG.  5-12  SCHEMATIC  DIAGRAM  FOR  H(/0y  LOW 
TEMPCATURE  FUEL  CELL 


Cntr«y  pr«due«o  by  (bp  r«oci«r  ip  uppd  to 
Mot  onp  lunciioA  of  (bp  t«o  dipptmilor  ppmt- 
conduptpr  tbprmoeoupipp.  If  o  lood  ip  con* 
MCtPd  PproPi  (bp  tbprmocpwplpp  a'\  pipftri; 
currpAt  Mill  (lo«  ibrpudb  (bip  lood. 


FiO.  5-13  SCHEMATIC  OIAORAM  FOR 

THERMO-ELECTRIC  GENERATOR 


ANODE  (NAOIATOH) 


AO«CR  LOAD 


Cnt'Qy  produead  by  tba  raocto'  •»  utad 
to  nita  tna  tamorotufa  of  ma  cotboda  to 
0  point  «hara  aiaeirona  boit  off  iba  lurfoca 
By  plocmq  a  cotlaetor  or  onoda  m  ciota  proi* 
imity  to  tba  cotboda.eontoinad  lo  o  voeuum 
or  caaiutn  vopor  an«iror\.iiani,  ort  atactne 
ctirrani  will  fiov  titrcu^b  a  data'  aaiaront 

cirCMit 


m.  5-14  SCHEMATIC  DIAGRAM  FOR 
THERMIONIC  GENERATOR 
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Note;  tstiioated  Coets  Bosed  On  Data  From  Refo-'enc 

See  Fig.  5-15  For  Building  Types  To  Which 
Curve  Numbers  Correspond,  And  For  Basis 
Of  Unit  Costs. 


ENTRANCE  STRUCTURES. 


dollars  /sq.  ft.  ot  20  ft.  bay  span 
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R6  5-17  COST  RATIO  VERSUS  SPAN  FOR 

ONE- STORY  RECTANOULAR  STRUCTURES 
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Basis:  Cost  Studies  For  Buried,  Single-Arch,  Igloo  With  Length 
Equal  To  Twice  The  Spon.  Speciol  Entronces  And 
Exeovation  Not  Included.  Bore  Structure  Only  (Concrete, 
Steel,  And  Formwork). 

Note:  For  Index  Costs  Use  Curwer  @  And®  Of  Fig  5-i5 
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FIG  5-19  COST  RATIO  VERSUS.  SPAN  FOR 
arch  (IGLOO)  STRUCTURES 
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dcllort  /tq.  ft.  of  Opofiing 


FIO.  5-20  COST  OF  PROTECTIVE  DOORS 


Moximum  PMk  OvcrprMSur*  in  TunnnI,  p»i. 


Inei4«nt  Ptok  OvnrprMturt,  pti. 


FIG.  5  -21  MAXIMUM  PEAK  OVERPRESSURE  IN  A  TUNNEL 
VERSUS  INCIDENT  PEAK  OVERPRESSURE  FOR 
THREE  ANGLES  OF  INCIDENCE 


FIG  5-22  PERCENT  OF  MAXIMUM  PEAK  OVERPRESSURE  IN  TUNNEL 
AS  A  FUNCTION  OF  RATIO  AND  EFFECTIVE  SHOCK 


Transmitted  Peak  Overpressure,  psi. 


I 


Incident  Peok  Overpressure,  pel. 


FIG.  5-23  TRANSMITTED  VERSUS  INCIDENT  PEAK  OVER¬ 
PRESSURE  FOR  EQUAL  AREA  T-SHAPED 
•  TUNNEL  JUNCTIONS 

■m 

i. 


R«fl«et«dl  P«ok  Ovcrprastur*  At  Kormoi  Incidenc*,  pti. 


Fie.  5-24  REFLECTi-O  PEAK  VERSUS  INCIDENT 
PEAK  OVERPRESSURE  AT  NORMAL 
INCIDENCE 
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MS0O4TES 


Closure 


FIG.  5-25  SHAPE  OF  LOADING  FUNCTION  ON  CLOSURE 
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ineidtnt  Ptali  Ovtrprmurt.  pti 

FIQ.  5-26  VELOCITIES  OF  INCIDENT  AND  REFLECTED 
SHOCK  WAVES  AND  OF  RAREFACTION 
WAVE  BEHIND  REFu.ECTED  SHOCK  FRONT 
VERSUS  INCIDENT  PEAK  OVERPRESSURE 
FOR  SQUARE  WAVE. 


USTSSDH  5A.  maim  charts 

5A.1  List  of  Design  Charts 

^A.2  Botetlon  Used  In  Charts 

5A.3  Methods  of  Use  of  Charts 

ng.  7A-I  One-Way  Sl^a 

Fig.  3A>2  Two-Way  Slabs 

Fig.  3A-3  h/C  Beams  Supporting  Slahc 

Fig.  3A-W  Steel  Beans 

Fig.  3A-3  Flat  Slabs 

Fig.  3A-6  Abovegrciad  Bectangular  Buildings 

Fig.  5A-7  R/^C  Arches 

Fig.  3A-8  B/C  Danes 

Fig.  3A-9  Bteel  Arches 

Fig.  3A-10  Colvnns 

Fig.  3A-II  fbotlngs 


APFEHDIX  ^A.  IXSIGN  CHARTS 


5A.1  LIST  or  DESIGN  CHARTS 


A21  design  charts  are  eontadned  aa  figures  In  this  apprndlx.  For 
convenience  a  list  of  the  charts  is  given  helov.  The  use  of  the  charts  is 
explained  and  illustrated  in  Para.  $A.5.  They  are  based  upon  the  strength 
properties  given  in  AFFSMDIX  and  the  general  method  of  analysis  presented 
in  AFFENDn  30*  Qie  latter  appendix  is  also  useful  for  special  cases  not 
covered  by  the  charts.  The  desiffi  of  tunnels  and  silos  is  based  on  the 
charts  fOr  arches  given  herein  modified  by  the  loading  provisions  contained 
in  Para.  3.3. 


Slabs  (simply  supported  and  convlnuous) 


Flexural  Resistaneej  -  1.3 

Fig.  5A-1.1 

Flexural  Resistance,  u  «  3.0 

Fig.  5A-1.C 

Pure  Shear  Resistance,  M  •  I.3 

Without  inclined  steel 

Fig.  5A-1.3 

With  inclined  steel 

Fig.  5A-1.4 

Diagonal  Tension 

Web  reinforcement  factor 

Fig.  5A-1.5 

Resistance  of  One-way  slabs,  -  I.3 

Fig.  5A-1.6 

Resistance  of  One-way  slabs,  n  ■  3.0 

Fig.  5A-1.7 

Flexural  reinforcement  factor 

Fig.  5A-1.6 

Limit  for  insured  flexural  failure,  n  ■  I.3 

Pig.  3A-1.9 

Limit  for  inaured  flexural  failure,  d  ■  3.0 

Fig.  ‘iA-1.10 

Teo-way  Slabs 

Flexural  resistance 

Fig.  3A-2.1 

(For  the  resistance  of  tuo-way  slabs  in  shear 

and  diagonal  tensi.00  see  SECTION  5A.3) 

R/c  Beams  Susnor^ina  Slnba 

Flexural  resistance 

Supporting  one-way  slab,  n  *  1.3 

Fig.  5A-;.l 

Supporting  one-way  slab,  u  ••  3.0 

Fig.  'iA-3.2 

Supporting  square  two-way  ulabs,  u  ••  1  3 

Fig.  3A-3.3 

Sup^rting  square  two-way  slaba,  n  >  3.0 

Fig.  5A-3.U 

Factor  for  non-squ're  ;vr/>\my  aioca 

Fig.  ,A3.'' 

Pure  shear  reslstxtce,  u  ■  1.3 

Fi(f'. 

Dicgonal  tension,  n  •  I.3 

’ig.  ‘  A  ?.* 

Diagonal  tanaion.  n  ■  3.0 

Fig.  ..A-5.a 

Factor  for  non-aquare  two-way  alaba 

Fig-  5A-5.9 

Steel  Beams  (simply  siq>ported  and  continuous) 


Flexural  resistance 

Supporting  one-vay  slabs,  ^  ■  1.3 
Supporting  one-vay  slabs,  ^  -  3*0 
Supporting  square  tvo-vay  slabs,  u  ■  I.3 
Sxipporting  square  two-vay  slabs,  •  3*0 
(For  non-square  slabs  use  Pig.  3A-3.3) 

Shear  resistance  (supporting  one-vay  and 
square  tvo-vsy  slabs) 

M  -  1.3 
u  ■  3*0 

(Fbr  non-sqxiare  tvo-vay  slabs  use  Fig.  3A-3.9) 


Flat  Slabs 


Flexural  resistance,  u  •  I.3 

Flexural  resistance,  U  *  3«C 

Drop-panel  factor  for  flexural  resistance 

Colunn  capital  factor  for  flexural  resistance 

Shear  resistance,  U  «  I.3 

Sheer  factors 


Fig.  5A-4.1 
Fig.  5A-4.a 
Pig.  5A-4.3 
Fig.  5A-4.4 


Fig.  '■J  5 

Fig.  5A-*^.6 


Fig.  5A-;;.i 
Pig.  5A-5.2 
Fig.  5A-5.3 
Fig.  SA-^A 
Fig.  5A-5.3 
Fig.  5A-5.6 


Abovesround  Rectangular  Buildings 

Hasistaaee  of  one-story  rigid  fr«MS,  ii  *  I.3 
Resistance  of  one-stozy  rigid  frames,  I*  -  3.0 
Resistance  of  ona-atory  ahaar  valla,  u  ■  I.3 
Raaiatance  of  one-atozy  ahaar  valla,  t*  •  3*0 


Fig.  5A-0.1 
Fig.  3A-6.2 
Fig.  5A-6.3 
Fig. 


Fully  buried 


Requireu  thickness  for  dead  load 

Fig.  5A-7.1 

Required  thlckzteaa  for  blast  load,  M  -  I.3 

Fig.  ;.A-7.£ 

Required  thickness  tor  blast  load,  w  .*  >.0 

Fig.  3A-7.3 

Partially  buried 

Required  thickneaa,  M  >  I.3 

Fig.  5A-7.4 

Raquirad  thickneaa,  v  •  3.0 

Fig.  *.A-7.5 

Aboveground 

Required  thickneaa,  v  >  1.3 

Fie- 

Required  thickneee,  v  «  3*0 

F:.^.  5A-7.t' 

Fully  buried 

Use  one-half  the  required  thiekaeas  of 
arches  haiving  tame  span  and  depth  of  cover. 

Partially  burled 

Required  thickness,  u  c  1.* 

ff  •  •  0  1 

a  ^  • 

Raquirad  thickneaa,  a  >  >.0 

Pig.  ;>A-h.2 

Aboveground 

Required  thickness. 
Required  thickness, 


► 


Steel  Arches 


4 

4 


1.3 

3.0 


Fig. 

Fig. 


Fully  burled 

Required  area,  4  «  1.5  Fig. 

Required  area,  4  ■  5.0  Pig. 

Partially  buried 

Required  area,  4  «  1.5  Fig. 

Required  area,  4  »  5.0  Fig. 

Aboveground 

Required  area,  4  ■  1.5  Fig. 

Required  area,  4  »  5.0  Fig. 

Columns 

Strength  of  r/C  columns  under  axial  loans  Fig. 

Strength  of  R,/g  beam -columns  Pig. 

StrengUi  of  steel  columns  Fig. 

(For  strength  of  steel  bean-columns 
see  AFFENBIX  5B} 


Footings 


Resistance  of  square  column  footings,  ajh  *  0.1  Fig. 
Resistance  of  square  column  footings,  a/L  *  0.25  Fig. 
Flexural  resistance  of  vail  footings  Fig. 
Shear  resistance  of  vail  footings  Fig. 


5A.2  NOTAIIOH  USED  IN  CHAI.S 

a  >  been  or  column  vidth 
A  ■  cross -section  area  of  steel  arch 
b  s  spacing  of  beams,  rigid  frames  or  rhear  vails 
bj  »  width  of  eteel  column  flange 

3  <■  span  of  arch  or  dome 

c  >  vidth  cf  column  capital  in  flat  sxabs 

d  ■  depth  to  steel  lu  coacr*t4t  beams  and  slabs 

dp  ■  effective  depth  of  drop  panel 

d^  -  plastic  bending  modulus  divided  by  area  uf  s>  -e) 
arch  cross  section 

D  «  total  thickness  of  done  or  arch 

-  28-day  coupressive  strength  of  concrete 

^dc  *  dynamic  compressive  sv.  ength  of  concrete 

^dy  "  bensile  yield  c  .ress  of  steel 


5A-8.5 

5A-8.4 


5A-9.1 

5A-9.2 

5A-9.5 

5A-9.4 

?A-9.5 

5A-9.6 


5A-1C. 

5A-10. 

5A-10. 


5A-11.1 

5A-11.2 

5A-11.5 

5A-11.4 


VH  p>  M 


I 


dynamic  shear  yield  stress  of  steel 

height  of  building  frame 
average  depth  of  earth  cover 

column  capital  factor  for  flat  slabs 
shear  factor  for  flat  slabs 

shear  factor  for  flat  slabs 

projection  of  vail  footing 
span  length 

vide  dimension  of  concrete  column  section 

sum  of  moment  capacities  at  column  ends  in  a  frame 

nai*rov  dimension  of  concrete  column  section 

vldth  of  drop  panel  in  flat  slabs 

peak  blast  pressure 

flexural  resistance  of  flat  slabs 

shear  resistance  of  flat  slabs 

peak  slde-on  blast  pressure 

ultimate  column  strength 

radius  of  dome  or  arch 
thickness  of  shear  vail 
natural  period 

veb  thickness  of  steel  beam 

vel^t  of  steel  colugmoii  lb.  per  xt. 
bearing  pressure  under  footings 

drop  panel  factor  for  flat  slabs 

drop  panel  factor  for  flat  slAa 

vldth  of  building  frame 

section  modulus  o'  steel  beam 

ratio  of  short  to  long  sides  of  tvo-vay  slab 

one -half  internal  angle  of  ai*ch  or  dome 

factor  for  long  beam  under  tvo-vay  slab 

shear  factor  for  beasw  under  tvo-vv  ^labs 

flexvural  reinforcement  factor  for  diagonal  tension 

strength  of  concrete  eldbe  and  beams 

pure  shear  factor  for  slabs  and  beams  vi  incllnwl 

reinforcement 

veb  reinforcement  factor  Xc  concrete  beac^s 
ductility  rotlo 

at'#*')  parentage  at  mid-span  of  •.-oacrete  beieis 
effective  steel  pareentage  at  support  of  coacre ta  betas 
total  steel  percenuge  (both  facta) 
pareantage  of  veb  reinforcement  (vertical  atimips) 
percentage  of  inclined  veb  atecl 


Q  ■  two-way  alab  factor  for  flexural  resistance 


MEIBIODS  OF  TEE  0?  CHARTS 

^A.3.1  One-way  Slabs.  Charts  for  continuous  snd  simply-supported 
one-way  slaiba  are  given  herein.  Figures  3A-I.I  and  ^A-1.2  provide  the 
required  thickness  for  flexure  In  terms  of  the  peak  blast  pressure  p  .  Ihe 
percentage  of  positive  steel  at  midspan  9  ,  and  the  effective  negative  steel 
at  supports  9  ,  must  be  known  or  selected.  The  latter  would  be  taken  as  zero 
for  slmply-suf ported  spans.  Where  a  slab  frames  Into  a  vail  or  la  continuous 
with  other  panels  of  slab>  or  both>  the  rerlstlng  mcment  that  can  be  developed 
at  the  support  la  the  lesser  of  the  foUov^ng  two  quantities: 

(1)  nie  resisting  moment  that  cnn  be  developed  In  the  slab 
Itself,  ^ich  Is  measured  by  the  actual  vclue  of  the  end  reii.rorcement  9^. 

(2)  Ihe  resisting  mcment  that  can  be  developed  by  the  members 
restraining  the  slab,  ^en  these  members  act  in  a  manner  caosistent  with  the 
over-all  loading  applied. 

She  effective  steel  percentage  9  Is  coiaputed  as  the  amount  of 
steel  that  can  develop  the  smaller^e'eMlstlng  luCMueut  of  the  two  values  described 
above^  If  item  \l)  governs,  9  •  9  .  But  If  Item  (£)  governs,  9  will  be  less 
tnn  9  .  and  will  In  general  Mar  tn^  sne  ratio  to  9  as  the  noolnt  in 
Item  (8}  bears  to  the  moment  In  item  (l).  Oils  definition  Is  consistent  with 
a  zero  value  of  9^  at  a  simple  support. 

Figure  5A-1.J)  gives  the  required  thickness  of  a  one-way  slab  to 
prevent  a  failure  in  pure  shear  if  the  slab  does  not  have  Inclined  web  steel 
In  the  region  of  talgli  shear.  The  effect  of  Inclined  web  relnforcvwnt  on  pure 
■hear  strength  le  given  In  Fig.  'A-1.4.  Figures  $A-1.$  through  ^-I'd  give 
ths  required  slab  tbieknsss  If  diagonal  tension  controls.  If  wsb  relnforesmeat 
Is  reqiulred,  a  percentage  of  at  least  0.25  percsnt.  should  be  used  to  Insure 
ductility.^ 

Charts  fbr  pure  sheer  are  glvaa  only  for  u  ■  1.5  becauae  this 
failure  mode  has  little  ductility,  end  design  fov  higher  ductility  ratios  Is 
not  recoamwoded.  It  la  pamltalble,  however,  to  des..ga  for  -  I.5  lo  pure 
ahear  and  at  the  aane  time  uae  U  •  5.0  for  flexure  end  dlagona)  tension.  If 
therm  la  no  wab  reinforcement,  u  in  diagonal  tension  should  alar,  be  11rJ.ted 

to  1.5. 

Obder  some  ooodltloos,  the  erlterle  for  pure  sheer  and  diagonal 
tension  strength  which  font  the  basis  of  Figs.  5A-1.5  through  5A-1.6  are 
Invalid  and  flexural  strength  controls.  Sw  Ifsdts  of  epplieebllity  of  the 
pure  sheer  and  diagonal  tension  charts  are  given  In  flge.  5A-1.9  ond  5A-1.10. 

Ibe  first  edition  of  this  Rsvlev  Oulde  contained  additional  cherts  for  the 
"cracking  strength"  of  beans  without  wwb  relnforceawnt.  More  recent  In- 
veetlgetlons  hatve  Indicated  that  this  is  an  unnecessary  conpllcstion. 


As  an  example  consider  a  continuous  roor  slab  with  a  12<foot  span 
for  an  unburiad  building  which  is  to  be  designed  for  a  peak  owerpressure  (p  ) 
of  100  psi.  Assunlng  that  deflection  is  not  a  critical  fhctor,  design  for 
a  ductility  ratio  (p)  of  3<0  in  flexure. 

C  'yen; 

p„  ■  100  pal 
-  52,000  psi 

L  -  12  ft. 

No  web  reinforcenent 

Flexure.  Fig.  5A-1.2 

(<I»c  ^dy  •  ^^*5  +  ^‘5)  52,000 

-  156,000  psi 

Read,  d/L  >  0.10 

Pure  Shear.  Fig.  5A-1.3 

p'  >  p  since  9  is  sane  at  both  ends 
m  B  e 

Read,  d/L  «  0.11 

Zn  this  ease,  the  depth  required  for  pure  shear  is  only  sli^tV  la 
exceps  of  that  required  for  flexure;  conseiiueatly,  to  reinforce  for  puie  shear 
is  ispraetical.  Bowever,  for  very  short  spans  under  high  pressures,  pure 
shear  nay  doainate  and  econosy  nay  be  achieved  by  using  inclined  relnforoeaent. 
lbs  increase  in  pure  shear  strength  to  be  gained  in  this  asaner  is  given  in 
Figure  5A*l.k. 

It  should  be  noted  (see  Fig.  5A>l.k)  that  if  inclined  steel  is  vised, 
it  is  noraally  required  in  reasonably  large  anounts  since  the  shearing  deforea- 
tion  required  to  develop  the  steel  strength  is  suffic>iect  to  reduce  the  shear 
strength  of  the  concrete  below  its  BaxIsBin  valvM.  For  sxaagtle: 

Assuns  ■  0.5 

♦;<  V'J’  ■ 

Fron  Fig.  A.  -  0.95 

vhich  aeans  that  the  pure  shear  atrength  of  the  concrete  Ic  such  \jixt  If 
exoeeded,  the  steel  would  be  incapable  of  resistlag  the  force  that  would  be 
imposed  vivcn  it. 

Ptaaonal  leasicn 

Since  there  is  to  be  no  web  reloforceaent  use  m  >  I.3 

Fig.  5A-1.5,  Ay  -  1.0;  Fig.  }A-l.d,  kj.  -  0.7c 

5A-6 


u  ■  3.0 

(see  APPENDIX  5B) 

&»lect  •  V,  -  1.5it 
f  •  -  3000  psi,  -  3750  psi 


Fig.  5A-1.6,  »  5150 

Head,  d/l  -  O.17 

Ihua  diagonal  tension  controls. 

Required  d  >  0.1?  x  12  x  12  ■  2^*.5  In. 

Hole  that  a  smaller  flexural  steel  percentage  could  nave  been 
used. 


To  Illustrate  the  determination  of  diagonal  tension  resistance  with 
veb  reinforcement  assume  that  in  tLe  preceding  example  a  veb  reinforcement 
percentage  (9^)  of  0.5  had  been  provided. 

Diagonal  Tension 

Use  -  3.O;  Fig.  5A-1.8,  X.J.  -  0.70 
Fig.  5A-1.5>  “  26,000  pel 

Head,  \  -  1.23 
Fig.  !jA-1.7,  \  9^  fg  -  3150 
Read  (X^d/L)  -  0.14 


0.11 


Thus  the  pure  shear  and  diagonal  tension  requirements  are  nov  equal 
and  the  required  d  -  0.11  x  12  x  12  -  I6  in. 

The  validity  of  the  pure  shear  and  diagonal  tension  eomput  ^tions 
should  be  checked  by  Figs.  3A~1.9  or  3A-1.10,  whichever  is  applicable.  For 
a  d^  of  0.11  as  chosen  above.  Fig.  3A-1.10  yields  p  ■  18  pal.  Since  the 
actual  flexural  strength  of  the  slab  is  greater  than“tbis,  the  ccoputatioas 
are  valid. 

'Ihis  example  ignores  the  deed  wight  of  the  sleb  ubieb  is  peznieaible 
in  that  caee.  Bowver,  if  the  structure  had  been  buried  it  would  have  been 
neceeiary  to  include  tte  dead  wlf^t  of  the  earrh.  Ihls  aay  be  done  by  con¬ 
verting  the  soil  wight  Into  an  equivalent  blest  pressure.  If  the  toil  wighs 
120  lb.  per  cu.  ft.,  the  pressure  00  the  slab  la  O.83  pal  per  ft.  cf  depth. 
Bowver,  the  charts  Include  an  increase  in  the  applied  pressure  due  10  rapid 
loading  of  1.20  for  4  ■  ).0  and  1.623  fur  4  ■  1.3.  i^tus  the  equivalent,  blast 
pressure  (pel)  wuld  be  0.63/1.2  ■  O.60  times  the  depth  of  earth  In  feet  for 
4  ■  3.0  e^  O.63/1.O23  0.31  t.\Bos  thk  depth  of  earti.  In  feet  tbr  4  ^  1.3. 

Ibece  equivalent  pressures  wula  simply  be  added  to  the  desijp  blaaL  pi'sasm* 
before  entaring  the  charts. 

It  le  intended  that  the  charts  for  one  -vay  slshs  also  be  used  for 
valla.  In  the  case  of  aboveground  valla  the  value  of  p  in  the  charts  becomes 
tha  reflected  pressure  (see  AFFBHfiZi  3D).  Since  the  rerleeted  pressure  is  of 
short  duration  and  the  charts  asawe  an  Infinite  load  duration  tiiera  is 
obviously  soas  error  In  this  application.  Bowver,  the  errors  are  on  the  con¬ 
servative  side  sod  would  normally  not  exceed  23  percent. 

3A-7 


^A.^.2  Two-vav  Slabs.  Figure  ^A-2.1  gives  a  factor,  0,  hy  ^ch 
the  flexural  resistance  of  a  ona^vay  slab  Is  multiplied  to  obt^  the 
resistance  of  a  two-vay  slab.  Sila  factor  depends  Kpon  the  ratio  of  the  tvo 
side  dinenalons  of  the  slalb  (o)  and  the  positive  and  negative  steel  per¬ 
centages  In  both  directions. 

The  shear  resistance  of  a  tvo-vay  slab  may  be  taken  as  (2/3)(l  +  a) 
tinea  that  for  a  one-vay  slab  spanning  the  short  direction  idien  oe  is  greater 
than  1/2  and  the  sane  as  a  one-vay  slab  vhen  ct  la  less  than  1/2. 


As  an  example  determine  the  blast  resistance  of  a  simply-supported. 
15  X  20  foot  tvo-vay  slab  having  the  follovlng  knovn  properties  (use  n  ■  I.3) 


Given: 


d 

Flexure; 


fg  -  3000  pal,  f’^  »  3750  psl,  f^^,  -  52,000  pel 
V  ■  1.5^t,  ■  0,  short  direction 

9  -  1.0^,  ■  0,  long  direction 

C  0 

•  10  In. 


Pl«.  5A-2.1,  “  -  H  •  0.75 


■■■ 

*SC  *81 


Read,  0  ■  2.0 
Fig.  5A-1.1 

(9^  0)  52,000  (short  direction) 


«  78,000  psl 
0.055 


L  15  X  12 

Read,  p^  ■  11  psl  (for  one-va:  slab) 

< ’ •  P.  ■  11  X  2.0  ■  22  pal 

m 


fig.  5A-1.3,  I 

f. 


!(!♦«) 


0.055,  f;  •  3000  psl 
30  psl  (far  ons-v^r  slab) 

I  (1  ♦  0.75)  ■  1.17 


50  X  1.17  -  58  psi 


e  • 


Diaaonal  Tenelon; 


Ho  veb  reinforcement,  Fig.  5A-1.5;  “  1-0; 

•  Pig.  5A-1.S,  =  0.11 

Pig.  5A-1.6,  “  **95;  I  -  0.055 

Read,  =  4.U  psi  (for  one-way  slab) 

.  I..4  X  1.17  . 

thus  diagonal  tension  controls  and  the  blast  resistance  is  only 

5.2  psi. 

5A.3.3  r/c  Beams  Supporting  Slabs.  Ihe  resistonce  of  R/c  beams  is 
given  by  Figs.  5A-3.1  throu#i  5A-3-5*  Ihese  charts  arc  similar  to  those  for 
sl^a.  Rote  that  p  is  the  peak  pressure  (psi)  on  the  slab  being  supported. 
Figures  5A-3.5  and  “5A-3.9  provide  factors  by  w»il;:h  the  resistance  of  beams 
on  the  long  side  of  non-square  two-way  slabs  may  be  determined.  Ihe  beams  on 
the  short  side  of  such  slabs  are  considered  to  be  the  same  as  beams  of  the 
same  span  under  square  slabs. 

5A.3.k  BeffBs.  The  flexural  resistance  of  steel  beams  is 

given  in  Figs*  5A-4.1  throi^  ^k~k.k  in  terms  of  the  section  modvlua  of  the 
cross  section  and  the  span.  Hhe  shearing  resistance  is  given  in  Figs.  5A-4.5 
and  5A-U.6  in  terms  of  the  depth -span  ratio  and  the  web  thickness.  Fbr  beams 
supporting  non -square  two-way  slabs  Figs.  5A-3>3  wad  5A-3>9  are  used  as  for 
concrete  beau. 


5A.3.5  Flat  Slabs.  The  flexural  reaiatance  of  flat  slabs  as 
given  by  Figs.  5A-5.1  wed  5A-5.2  depends  upon  the  factors  X  and  X'  given  by 
Fig.  5A-5.3  and  K  given  by  Fig.  5A-5.^.  In  these  charts  the  parameter  T  is 
an  effective  total  of  the  ;  teel  percentages  in  the  tw  directions  and  is 
determined  by  the  equation  given  on  the  charts. 

The  shear  resistance  of  flat  slabs  ic  given  by  Fig.  5A-5>9  using 
the  parauters  K.  and  K-  given  by  Fig.  5A-5.6  a-ni  tne  flexural  resistance 
given  by  the  preceding  ^arts.  Thus  it  is  necessary'  to  determine  the  flexural 
resistance  before  computing  the  shear  resistance.  It  ia  alao  necorsary  to 
conelder  two  poasibly  critical  eectiona,  one  arour  tUc  column  capital  and 
the  other  around  the  drop  penel. 

As  an  exmsple  the  blast  resistance  of  e  square  flat  elsh  n.<st«m 
is  coBiputed  below: 

Qlvwn; 

Span  X.^  >  •  90  ft. 

Width  of  drop  penal  ••  p^  ■  Pp  >  7  ft. 

Width  of  col\sBn  capital  •  n  c^  ■  b  ft. 


Effective  depth  of  ele^  ■  d  >  l6  In. 

Effective  depth  of  drop  penel  >  d^  >  ^2  Ine. 

Steel  pepcentaeee  (both  dlrectione) 

Bottom  of  Bleb  at  mid-span,  9. .  ■  9. *■  1*0 

D1  D2 

Tbp  of  Blab  at  nldspan,  9+,  -  9+-  ■  1.25 

wX  Xtc 

Top  of  drop  panel 

(computed  on  the  basis  of  d^)  9^^^  ■  9^g  ■  1*5 
f^  -  52,000  pel 
f ^  -  IWOO  pBl,  f^^  -  5000  pel 
No  web  relnforcmaent 

Use  ■  3<0  In  flexure  and  u  ■  1.3  In  shear 


Flexural  Resistance; 

Fig.  5A-5.3.  p/L  -  0.35,  dj^/d  -  2.0 
Bead,  X  -  O.65,  X'  -  1.^ 

Fig.  5A-5.4,  c/L  -  0.2,  Lj^/Lg  -  1.0 
Read,  K  -  X.ik 
Fig.  5A-5.2 

’  ■  V  *  ''b!  ♦  *  ''t2>  * 

-  1.0  +  1.0  ♦  0.65(1.25  ♦  1.25)  +  4-  1.5)  -  7.85 

***  •  *^'^000 


Read,  p^  ■  110  pal 


Shear  resistance; 

Fig,  5A-5.6,  c/L  •  0.2,  T.g/l^  -  p/L  -  0.35 
Read,  ■  2.h 
Kg  -  1.25 

Fig.  5A-5.5#  f e  P^  •  3000  X  69  ■  207,000 

Shear  around  d.:^  panel,  ^  ^,25  -  O.053 

Head,  p^  ■  35  Psl 
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— 

Shear  around  column  capital,  - — -r  =  0,0S6 

I*.  20  X  12  X  2.4 

Read,  *  2lJ£sl 
ThiiR  the  hlast  resistance  is  55  psi* 


5A.5.6  Aboveground  Rectanpailar  Bulldinge.  Figures  5A“6.i  and 
5A-6.2  provide  toe  resistance  of  rigid  building  frames  in  tems  of  the 
parameter  EM/bh^  vhere  EM  is  toe  sun  of  both  end^aoment  capacities  of  all 
coiumns  (or  connections)  in  the  frsne.  Ibe  abscissa  of  the  plot  is  the  sloe- 
on  pressure  p  but  the  reflected  pressure  on  the  front  face  and  the  drag 
force  on  the  building  have  been  taken  into  account.  The  parameter  \Y  +  5h)/T 
accounts  for  the  effect  of  duration  of  the  reflected  pressiu-e.  The  natural 
period  T  near  be  ccmputed  (see  APPEHDK  5B)  or  be  taken  a-  '^.1  sec.  toich 

is  probajSly  a  lower  (and  hence  conservative)  limit  for  such  frames.  It  should 
be  noted  that  rigid  fraoes  will  not  tarr/  the  blast  load  on  a  roilding  if 
shear  walls  tolch  are  nonnally  stiffer  are  also  prearrtt. 

As  an  example  consider  a  building  with  four  20-foot  bays  and  15  feet 
hl^  with  fraoes  spaced  at  23  feet.  All  five  coluans  are  to  be  identical 
and  rigidly  connected  top  and  bottom.  Allowing  a  ductility  ratio  of  5.0  it 
is  desired  to  detemlne  the  required  colvasn  strength  for  a  peak  side-on 
pressure  of  2C  psi.  Lacking  additional  information  may  be  taken  as  0.1  sec. 

and  ^  •  1250  ft. /sec.  Beading  Pig.  5A-6.2  it  is  found  that 

o  ^  o 

EM/bh*  is  21^  psl.  Thus  EM  must  be  2U  x  (25  x  12)  x  (15  x  12)71000  -  233, 3«> 
kip-ln.  itlncc  there  are  10  rigidly  connected  colusn  ends  the  required  bending 
strength  of  eaen  column  is  23,330  kip-ins.  The  coluans  may  then  be  designed 
according  to  AFFERDU  5B  or  Figs.  5A-10.1  throu^  5A-1U.3.  The  vertical 
column  load  should  be  superimposed  on  this  bending  moment  but  in  most  cases 
neglecting  this  load  wuld  not  cause  serious  error.  In  fact  for  concrete 
columns  xt  is  usually  couseivative  to  ignore  the  vertical  lo«i. 

For  buildizigs  in  which  the  lateral  resistaoce  is  provided  by  shear 
walla  th«  required  horizontal  cross-sectional  ares  of  *'he  veils  In  given  by 
Figs.  5A-6.3  end  5A-6.U.  These  charts  are  based  upon  the  assvssption  that 
shear  walls  ere  relatively  stiff  and  hence  toe  nai^ural  period  of  the  building 
ie  lihurt  compared  to  the  duration  of  tlie  load.  It  is  'Jso  a8R"med  that  the 
ultimate  resistance  of  the  wall  is  equal  to  the  cracking  strength.  This 
requires  approximately  one  percent  st::cl  in  each  direction. 

5A.3.7  R/C  Arches.  FOr  purposes  of  analysis  arches  are 

into  three  categories:  fully-buried,  portlail^ -hurled  and  alrvcf  .uul.  For 

on  arch  to  be  considered  fully-huried  the  average  depth  of  cover  (B  )  must 

he  at  least  0.25  tlmss  the  span  (b)  and,  In  addition,  the  depth  0  *  cover 

at  the  eroen  (B  )  must  ha  at  least  0.125B.  If  cover  is  providad  by  an 

shhsninssnt.  above  the  general  ground  level,  the  surface  should  he  horiaontal 

s'ove  the  ai«h  end  the  slope  of  the  fill  outside  the  foundation  must  not  be 

steeper  than  1  on  h.  A  partially-hurled  arch  it  defined  as  one  for  which  R 

.  c 
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Is  'between  zero  end  0.062B.  If  any  portion  of  the  arch  projects  aboveground 
or  if  It  Is  covered  by  an  embankment  not  meeting  the  requirements  given 
above,  It  should  be  considered  completely  aboveground.  More  refined  methods 
for  handling  this  cose  are  given  in  Ref.  ^0-6. 

A  linear  Intex^iolatlon  of  required  thickness  may  be  \ised  betveen 
the  limit  of  the  partially-buried  case  (H^  «  O.O62B)  and  the  fully -burled 
case  (see  example V  The  required  thickness  of  fully -bur led  cii'culor  archea 
may  be  determined  'by  Figs.  5A-7.1  throu^  5A-7.3.  The  required  ratio  of 
total  thickness  to  radius  is  given  as  the  sm  of  that  required  for  dead  load 
and  that  for  blast  load.  The  weight  of  soil  was  taken  as  120  lb.  per  cu.  ft. 
Rote  that  the  abscissa,  p  ,  is  the  peak  vertical  pressure  at  the  average  arch 
depth  which  is  the  surface  pressure  attenuated  with  depth. 

The  required  thickness  of  partially-burled  arches  is  given  'by 
Figs.  5A-7*^  or  5A-7.3.  The  effect  of  the  transit  of  tha  shock  front  on  the 
flexural  stresses  has  'been  Included.  The  effect  of  dead  load  mjy  'be  approxi¬ 
mately  Included  by  simply  increasing  p  ^  by  the  average  weight  uf  arch  and 
cover. 


The  required  thickness  of  aboveground  arches  is  given  by  Figs.  3A-7.6 
or  5A-7.7‘  Flexural  stresses  due  to  transit  of  the  shock  front  and  drag  pres¬ 
sures  have  been  included.  Interpolation  for  values  of  the  rise-span  ratio 
(h/B)  la  nacessaiy.  Approximate  correction  factors  are  given  to  account  for 
variations  in  material  strength  and  steel  percentage. 


In  addition  to  t^e  strength  requirement  given  by  the  charts,  the 
buckling  stability  of  the  arch  must  be  conaldered.  This  criterion  is  s'.bisfied 


If  Is  less  than  (l 


I8r5p2  • 


This  expression  should  be  used  fbr 


aboveground  structures  but  buckling  need  not  be  considered  in  ttie  fully-burled 
case.  For  partially  '  'urled  archie  this  value  may  be  increased  by  30  percent. 
IT  the  arch  thickness  given  by  the  charts  does  not  satisfy  the  buckling 
criterion  this  thickness  must  be  increased. 


If  E  ie  greater  than  one-half  the  span  B,  the  arching  effect  of 
the  soil  to  car^  the  blast  load  mv  be  considered.  In  such  cases  it  is 
recoonended  that  the  value  of  p  'be  the  peak  surface  blast  pressure  redUN:ed 
H  -B  “ 

bv  •  0^  Where  ie  the  ehearlng  strength  of  the  soil  due  only  to 

ftiction.  Buvever,  p  should  never  be  taken  as  leas  than  0.23  timfi  th*>  rvak 
eurfaee  pressure.  Th^  proeeduru  may  also  be  used  for  dotaec  and  e*^««l  %vches. 

As  an  example  consider  blast  resistar  e  for  >  1.3  of  •  burled 
reinforced  concrete  barrel  arch  haring  the  foUoving  eharaoterlstice : 


3A-12 


iSayen- 

Arch  radius  =  r  *  lU)  ft. 

Half  Interna]  angle  «  3  >  60°  •  j 
Total  arch  thickness  »  D  >  2  ft. 

Depth  of  arch  to  steel  ■  d  ■  21  In. 

Depth  of  earth  cover  at  crovn  ■  »  6  ft. 

ons  "  9  ”*  !L-0 
Tbtal  steel  percentage  •  9^  2.0 

f^^  -  5000  pel,  f^  =.  52,000  psl 


Pull^y-Bttt-led  Criterion; 

Span  •  B  *  2r  sin  3  «•  69.2  ft. 

Rise  ■  r(l  -  COB  3)  ■  20  ft. 

Q  >  average  depth  of  cover 
r 

B(rlse  +  H^)  +  g  cos 


-  [^B(rlse  +  H^)  +  I  B(r  cos  3)  -  Sr^j  g 

•  (20  +  6)  +  J  (20)  -  i  (itO)^  -  11.8  ft. 


or,  •  0.170B 

av 


-  0,087B 


Since  H  „  Is  less  than  0.25B  and  is  less  than  0.325B 

ftV  c 

but  greater  than  0.062B,  the  arch  Is  not  fully  burled  and 
the  resistance  axuit  be  detemined  by  Interpolation  betvaen 
the  partially-^  jrled  and  fully-burled  cases. 


Tally -Purled  Case: 

Fig.  3A-7.1,  (0.85  t  0.009  f^  T>.j)  -  5190 
♦  D  -  13.8 

Bend,  (p)^  -  0.0023 

av 

Fig.  5A-r.2 


«*«d,  p^  • 


-  {^) 

V'H  tD 


•  5^  -  0.0025  “  o.u^T? 

p^  (at  this  ahallov  depth 

P  ■  P  ) 

'ao' 


A. 


\ 
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PartlallY-Burled  Case; 


Pig.  5A-7.4,  -  52,000 

Bead,  -  0.0003»» 

'J’eo 

^ao  "  W)  X  12^  0.00034  ■  — 

Ititerpolatlon; 

f.0  ‘  *  <1«  -  126)  5;^^-  «5  P.1 

Note  that  for  p  -  e/3^  must  equal  O.166B  in  order  to 
make  H  equal  to  0.25fi^a8  required  for  full  burial. 

fie 

Buckling  Criterion; 


Critical  p 
^60 


y  iBr^pS 

1)  X  3  X  10^  X  2^ 
^  18(40)5(11/3)^ 


(partially-burled  caee) 


250  pel 


Buckling  is  not  critical  since  250  >  128.  Zf  this  value 
had  been  less  than  12C  psi  the  Interpolation  above  should 
be  repeated  substituting  this  value  lor  126  pal. 


Shut  the  blast  resistance  (uhlch  In  this  ease  is  side-on  overpressure)  lOr 
this  arch  Is  133  psl* 


As  a  further  exam'  le  consider  an  arch  having  the  same  properties 
as  that  above  except  that  It  is  conpleti>ly  aboveground. 

Using  Fig.  5A-7.6: 


k . 

B  2r  sin  $ 


0.29 


I  -  ^  .  0.029 


Baad:  P^/oP  •  30,  interpolating 

CF  ■  1.02,  interpolating 
•  {30)(1.02)  -  31  P«1 

■  Areh  Rssistanee 


3A-1U 


H/C  Domee.  Bie  required  thickness  of  fully -buried  domes 
may  be  taken  as  one -half  that  of  an  arch  vlth  the  sane  loading  and  radius 
(Figs.  5A-7*1j  5A-7-2  and  JA"?*?)*  Ihe  required  thickness  of  partially-burled 
domes  is  given  by  Figs.  5A-6.i  aril  5A  8.2  and  that  for  aboveground  domes  by 
Figs.  5A-8.5  and  5A-8.U.  Ihe  cover  requirements  for  foil  and  partial  burial 
and  the  interpolation  between  tUebu  cases  is  the  some  as  given  in  SECTZOIf  5A.3.7 
for  arches.  Ihe  buckling  requirement  for  domes  is  that  p  must  not  exceed 
O.SED^/r2  fox  aboveground  dc»nes  and  three-halves  of  this  ^aXue  for  partially- 
burled  domee.  Buckling  need  not  be  considered  in  the  Tolly -bur  led  case. 

5A.3.9  Steel  Arches.  The  required  cross -sectional  area  of  fully- 
btirled  steel  arches  Is  provided  by  Fl^.  ^A-9.1  and  ?A'-9*2  in  the  same  manner 
as  the  required  thickness  of  H/c  arches.  The  required  area  for  partially- 
burled  arches  may  be  detemlned  by  Figs.  5A-9.3  and  5A-9.**  and  for  aboveground 
arches  by  Figs.  5A-9-5  and  5A-9.6.  Ifa  the  latter  cases  the  steel  yield 
strength  has  been  taken  as  42^000  pel.  The  required  area  may  be  assumed  to 
vary  inversely  with  yield  strength. 

The  definitions  of  the  aboveground.,  partial ly-bvir led  and  fully- 
buried  cases  and  the  method  of  interpolation  are  the  same  us  given  above  for 
b/c  arches.  Bevever,  buckling  requirements  have  been  Included  in  the  charts 
for  steel  arches  and  no  separate  calculations  are  necessary. 

As  an  example  of  aboveground  steel  arch  deslgni  consider  a  structure 
consisting  of  3^  VF  3OO  arch  ribs  (or  equivalent  built-up  sections)  with  a 
non-compoalte  cover,  a  radius  of  40  feet  and  a  rise-span  ratio  of  0,^,  It  la 
desired  to  find  the  required  spacing  of  ribs  for  p  •  90  pal  and  M  ■  1.^. 

Making  use  of  the  properties  of  the  Tee-section  cuv  from  30  UF  3OO 's  .ctlon 
as  given  in  steel  handbooks,  the  dimension  d  is  the  distance  from  the  bottom 
to  the  center  of  gravity  of  the  Tee  or  l4.^®ln.  Thus  r/d  is  4o  x  12/l4.23  ■ 

3^  and,  for  Fig.  3A-9*^;  A/r  p  is  found  to  be  O.OOOI62  (interpolating 
between  30  and  ICO  psl).  The  ^required  area  per  inch  of  width  is  therefore 
0.000162  X.  30  X  40  X  12  »  3*>  ins.  Since  tlie  area  of  a  3(’  WF  3OO  section  is 
86  sq.  in.,  the  required  spacing  is  86/3.9  or  23  Ins. 

3A.3.10  Columns.  The  ultimate  dyoamlc  strengths  of  axially -loaded 
reinforced  concrete  and  steel  colisnns  may  bo  determi/icd  Figs.  3A-10.1  and 
5A-IO.3.  The  latter  gives  the  strength  of  steel  columns  in  terms  of  the 
fl^ge  width  and  weight  per  foot.  It  is  applicable  to  all  standard  V?  sections 
without  appreciable  error.  If  the  column  supports  t.  ioof  subjected  to  blast 
loading  the  column  load  should  be  taken  as  twice  the  peak  blast  pressure  times 
the  tributary  area  or  the  maximum  resistance  of  the  supported  elencntr, 
fdiichever  is  smaller. 

Fig.  3A-10.2  may  be  used  to  determine  the  strength  of  reinforced 
concrete  beam-columns  or  members  subjectvtl  lo  combined  bending  and  direct 
comprenslon.  In  the  chart  the  ordinate  is  the  ratio  of  axial  load  to  tdtlaate 
cosqpressive  strength  as  given  by  Fig.  3A-10.1.  The  abscissa  is  the  ratio 
of  moment  to  ultimate  bending  strength  as  given  in  APPENDIX  3B.  The  strength 
jf  steel  beam-columns  be  determined  using  the  criterion  of  APPENDIX  3B. 
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Footlnits.  Ihe  Btreagth  of  square  colunn  footings  Ise 
found  by  use  of  Figs.  5A>11.1  and  ^-11.2.  These  may  be  used  to  detemine 
the  reqiilred  thickness  or  steel  percentage  for  a  given  soil  bearing  pressure 
after  the  plan  size  has  been  detemlned  fron  the  soil  characteristics.  Such 
footings  should  be  designed  for  the  skaxlaxis  dynenic  col\ann  load.  The  allov* 
able  dynamic  soil  r'^ssure  to  be  used  in  determining  the  required  width  of 
footing  is  given  in  APPEKDEC  5B. 

The  strength  of  vail  footings  (or  footings  under  arches  or  domes) 
may  be  determined  either  by  Fig.  5A-II.3  or  Pig.  5A-11.U  depending  upon  ^ich 
provides  the  smaller  reading.  As  in  the  case  of  colunn  footing%  these  charts 
give  the  bearing  strength  based  upon  the  footing  itself  and  not  on  the  soil 
characteristics.  The  ellovable  soil  strength  is  given  in  APPENDIX  3B.  In 
the  cese  of  burled  arches  or  domesj  the  arching  effect  of  the  soil  above  the 
structure  usually  may  be  taken  Into  account  when  computing  footing  leads  even 
though  thie  la  not  done  in  deeighli^  the  structui'e  itself. 


5A-1C 


=0.04^<#»c-+e>^dy](-f^  d  =  Slob  Depth.  Effects 

=  Peck  Blast  Pressure,  psi.  •-  "  Span  Length,  in. 


16.  5A-I.I  FLEXURAL  RESISTANCE  OF  SIMPLY  SUPPORTED  AND  CONTINUOUS 
'^E-WAY  SLABS  (»  *1.3) 


1 


INCLINED  WEB  STEEL  (/t»l.3) 


FIG.  5A-I.4  PURE  SHEAR  RESISTANCE  —  FACTOR  FOR  SLABS  AND  BEAMS 
WITH  INCLINED  STEEL  AT  ENDS 


ksi. 


RESISTANCE  IN  DIAGONAL  TENSION  OF  ONE-WAY  SLABS 


JA-r.lO  LOWER  LIMIT  FOR  NON-FLEXURAL  FAILURE  OF  REINFORCED 
CONCRETE  ONE-WAY  SLABS  AND  BEAMS  ( 3.0) 


FI6.  5A-2.I  FLEXURAL  RESfSTANCE  —  TWO-WAY  SLAB  FACTOR 


*  Ptrcmnt  St«4l  At  End,  Effect! v] 

HMure,  pei.  ^  *  Percent  Steel  At  Center-line 

d  *  Seem  Depth,  Etfective,  in. 


Ff6.  5A«3.2  FLEXURAL  RESISTANCE  OF  SIMPLY  SUPPORTED  OR  CONTINUOUS 
RE;NFORCED  CONCRETE  BEAMS  SUPPORTING  ONE-WAY  SLABS 
(#*  *3.0) 


I 

< 

o 

Cl 


3.4  FLEXURAL  RESISTANCE  OF  SIMPLY  SUPPORTED  OR 

CONTINUOUS  REINFORCED  CONCRETE  BEAMS  SUPPORTING 
SQUARE  TWO-WAY  SLABS  (/t*3.0) 


G.  5A-C.5  FLEXURAL  RESISTANCE  —  FACTOR  FOR  BEAMS  SUPPORTING 
NON-SQUARE  TWO-WAY  SLABS. 


Peak  Blast  Pressure 
Beam  Spacing,  in. 
Beam  Wid*h,  in. 


FIG.  5A-?.f:  RESISTANCE  IN  PURE  SHEAR  OF  REINFORCED  CONCRETE  BEAMS 
SUPPORTING  ONE-WAY  AND  SQUARE  TWO-WAY  SLABS 


FIG.  5A-3.7  RESISTANCE  IN  DIAGONAL  TENSION  OF  REINFORCED 

CONCRETE  BEAMS  SUPPORTING  ONE-WAY  AND  SQUARE 
TWO-WAY  SLABS  (^*13) 


Reinforcement 


FIG  5A-?3  RESISTANCE  IN  DIAGONAL  TENSION  OF  REINFORCED 

CONCRETE  BEAMS  SUPPORTING  ONE-WAY  AND  SQUARE 
TWO-WAY  SLABS  (/*  =  3.0) 


FIG.  5A-3.9  RESISTANCE  IN  SHEAR  AND  DIAGONAL  TENSION - FACTOR  FOR 

BEAMS  SUPPORTING  NON-SQUARE  TWO-WAY  SLABS 


^ —  L  =  8eom  Length,  in. 

Blast  Pressure,  ksi.  Z  =  Section  Modulus,  irT 


r 


-4.1  FLEXURAL  RESISTANCE  OF  STEEL  BEAMS  SUPPORTING 
ONE-WAY  SLABS 


FIG.  5A-4.2  FLEXURAL  RESISTANCE  OF  STEEL  BEAMS  SUPPORTING 
ONE-WAY  SLABS  *30) 


FIG.  5A-4.3  FLEXURAL  RESISTANCE  OF  STEEL  BEAMS  SUPPORTING 
SQUARE  TWO-WAY  SLABS 


Peak  Blost  Pres6ur«.  fcs..  Z  =  SecNon  Modulus,  in. 

Seam  Spacing.  <n.  C  =11.5  For  Simple  Spans. 


9A-4.4  FLEXURAL  RESISTANCE  OF  STEEL  BEAMS  SUPPORTING 
SQUARE  TWO-WAV  SLABS  (m*3.0) 


SHEARING  RESISTANCE  OF  SIMPLE  AND  CONTINUOUS  STEEL 
BEAMS  SUPPORTING  ONE-WAY  AND  SQUARE  TWO-WAY 
SLABS  (^»L3) 


FIG  5A-46  SMEARING  RESISTAHCE  OF  SIMPLE  AND  CONTINUOUS  STEEL 

BEAMS  SUPPORTING  ONE-WAY  AND  SQUARE  TWO-WAY 
SLABS  ( «  3.0) 


FLEXURAL  RESISTANCE 


FIG.  5A-5.2  FLEXURAL  RESIS'^'ANCE  OF  FLAT  iJLABS  (/t=3.0) 


5A-5.3  DROP  PANEL  FACTORS  FOR  FLAT  SLABS 


MAY  •! 


LUMN  CAPITAL  FACTOR  FOR  FLEXUFJAL 
REN6TH  OF  FLAT  SLABS 


o 


•m  iO  »)| 


I 

t 

« 


FIG  5A~5.6  SHEAR  FACTORS  FOR  FLAT  SLABS 


5A-63  RESISTANCE  OF  ABOVE-GROUND  ONE-STORY  SHEAR 
WALLS. - WINOOWLESS  BUILDINGS  (  j*  «l.3> 


REQUIRED  THICKNESS  OF  FULLY-BURIED  REINFORCED 
CONCRETE  ARCHES  FOR  DEAD  LOAD 


FIG.  5A-7.3  REQUIRED  THICKNt:SS  OF  FULLY-BURIED  REINFORCED 

CONCRETE  ARCHES  FOR  BLAST  LOAD 


FIG  5A-7.6  REQUIRED  THICKNESS  OF  ABOVEGROUND  REINFORCED 
CONCRETE  ARCHES  (^  =  13) 


FIG.  5A-7.7  REQUIRED  THICKNESS  OF  ABOVEGROUND  REINFORCED 
COfJCRETE  ARCHES  (/t  =  3.0) 


REQUIRED  THICKNESS  OF  PARTIALLY-BURIED  R/C  DOMES  (#**13) 


REQUtREU  THICKNESS  OF  PARTIALLY-BURIED  R/C  DOMES 


nMk  Sida-On  Blost  Prassur*.  psi. 
Oywotie  Canerata  Stranfth,  psi. 
Oynoaiic  Staal  YiaM  Stran^tti,  psi. 
Tetot  Staai  Parcanlaoa 


REQUIRED  THICKNESS  OF  ABOVEGROUND  R/C  DOMES  (/i^l.3) 


niok  S»d«-On  3io*t  Pressure, 
Oyftomic  Conerd*  Stron^ttt,  pt 
Ojrnomlc  Stoot  YioM  Strength 
Tetol  Stool  Poreonlogo 


5A-8.4  REQUIRED  THICKNESS  OF  ABOVEGROUND  R/C  DOMES  (/i 


5A-9.*  I^QUiREO  AREA  OF  FULLY-BURIED  STEEL  ARCHES  (/*  *13 


PIG.  5A-6  2  REQUIRED  AREA  OF  FULLY-BURI.-D  STEEL  ARCHES  (/t=3.0) 


REQUIRED  AREA  OF  PARTIALLY- BURIED  STEEL  ARCHES 
(He«0--^0.062B|,  (#**13) 


(^«  ft 

MAV'tl 


FIG.  5A-9.6  REQUIRED  AREA  OF  ABOVEGROUND  STEEL  ARCHES 

<|i«3.0) 


Crti.  S*««l  Assumed  To  Be  Elosto-Ptostic 


STRENGTH  OF  REINFORCED  CONCRETE  EiEAM- COLUMNS 


FIG.  5A-II.I  RESISTANCE  OF  SQUARE  COLUMN  FOOTING 


Dynamic  S^^el  Yiei  Strength,  psi. 


RESISTANCE  OF  SQUARE  COLUMN  FOOTINGS 


FIG.  5A-II.3  FLEXURAL  RESISTANCE  OF  WALL  FOOTINGS 


•  Uniform  Booring  <^roosure  A*  Controllod  By  Sheor,  K/fl. 
To  Stool,  in. 


FIG.  t  k-M.4  SHEAR  RESISTANCE  OF  WALL  FOOTINGS 
WITHOUT  WEB  REINFORCEMENT. 


DmAMIC  PROPERTIES  OF  MAZERIAZJS  AUD  STRIICTURAL  EI£ME» 

5B.1  Steel 
3B.2  Steel  Beama 
^B.3  Steel  Columns 
3B. 4  Concrete 

3B.5  B/c  Beams  end  One-vay  Slab-t 
5B.6  b/c  Tee-beams 
5B.7  Two-way  Slabe 
3B.8  Flat  Slabs 

52.9  R/c  Deep  Beams  (d/l  >  0.4) 

5B.10  r/c  Shear  Valla 
5B.11  I^C  Columns 

5B.12  Building  Frames  (Steel  or  Vc)(One-Story) 

3B.13  b/C  Arches 

5B«14  Steel  Arches 

5B.15  I^C  Domes 

5B.16  Composite  Beams 

5B.17  Foundation  Materials 

5B.I8  Column  Footings 

5B.19  Wall  Footings 


AFFEKDIX  3B.  UmANZC  FROFSRXIES  OP  MATERIALS  AND  8THUC1VRAL  BLBflBNTB 

^.1  8IEEL 

The  stresses  given  in  this  azMi  the  following  sections  e  ^hoBe 
recommended  for  dynamic  design.  They  include  appropriate  increac:  .or  the 
effect  of  rate  of  straining  and  should  ;  xised  to  compute  the  ultimate  dynamic 
strength  of  structural  elmnents. 

Structural  Carbon  Steel  (ASTM  A?) 

f^  a  dynamic  yield  point  in  tension  or  compression 
>  42^000  psl 

■  dynamic  yield  point  in  shear  «  25>OCO  psi 
Velds: 

f^  «  42,000  psi 
v^  -  29,000  psi 

Rivets  (ASTM  A14i): 

f^  -  40,000  psi 
v^  “  30,000  psi 

fjjy  »  60,000  psl  (hearing  -  single  shear) 

60,000  psi  (double  shear) 

Bolts  (jisiM  A?07): 

^dy  *  32,000  psi 
v^  »  19>000  psl 
^by  "  ^>000  psi 

Itoinforelng  Steel 

Intermediate  grade,  f^  «  52,000  t*ei 
Structural  grade,  »  44,000  i.«9l 

Other  Steels 

Hl^  Strength  Rivets  (ASTM  A195): 

f^  ■  60,000  psi 

^dy  “  ^#000  psl 

-  80,000  psl 
by 

5B-1 


Hl^  Strength  Bolte  (AffSK  A325): 

-  50,000  pel 
■  30,000  pel 

-  60,000  pel 

Hlf^  Strength  Allege: 

It  is  reccMnmended  that  the  dynamic  yield  strength,  f .  ,  be 
taken  as  li25  timec  the  minimum  specified  static  ^ 
yield  strength  but  no  more  than  90^  of  the  ultimate 
strength.  Ihe  shear  yield  strength  may  be  taken  as  60j(  of 
the  tensile  yield  strength. 


5B.2  SIEEL  ii&AMS 

Flexural  Strength  of  Beam  Sections: 

M  ■  f ,  Z  -  1.1  f . .  S  (for  I'sections) 

P  dy  ^  ay 

^ere  Z  »  plastic  modulus 

S  ■  section  modulus 

M  <■  ultimate  moment  capacity 
P 

Shear  Strength  of  Beam  Sections: 


idiere  ■  eurea  of  veb 

»  ultimate  shear  capacl-^ 

Buckling  of  Beams; 

If  plastic  deformation  is  to  oceux  (u  >  l)  plastic  buckling 
must  be  prevented  and  the  following  requirements  must  be 
satisfied: 


Minirnmi  Thicknesses: 


^  <  70  (without 
^w  longitudinal 

stiffeners) 
b 

^<61/2 


where  b 


flange  width 
flang.  thichness 
veb  depth 
veb  thickness 
stiffener  width 
stiffener  thickness 


fixed  OM  wod  end 


V  l60gl  * 

1? 

Fixed  both  eadSj  k  ■  *  k  • 

Where  B  ■  aodtilua  of  elasticity 
Z  «  BKxaent  of  inertia 
Mote:  Yield  deflection  ■  x  >  s/k 

O 

*  -  y 

Yhese  values  are  effective  stlfftaesees  vhlch  couvc'x*t 
the  tri -linear  resistance  function  into  an  equivalent 
'bi-llnew  function  with  the  same  energy  absorption 
capacity  at  yield. 

Natural  Period  (Seconds): 


Uhiformly  distributed  mass: 

8imp]iy  supported^ 

Fixed  one  end  and 
hinged  one  end^ 

Firad  both  ends^ 

uhere  v  «  supported  veii^t  (including  beoi) 
per  unit  length 


Concentrated  aass  at  midspan: 

Sliqply  stu^rted. 


hinged  one  end. 

Fixed  both  ends^  T  «  0 


uhere  IT  ■  total  veight  concentrated  at  midspan 


5B-4 


« 


5B.?  STEEL  COLOMHB 


Co^miina? 

Strength: 


oL 


-  45,000  -  200  ~  ,  not  to  exceed 
vhere,  f  ■  maximum  allowable  stress  intensity 


L 

r 

a 


slenderness  ratio 

classical  length  reduction  factor 
(a  a  1  for  pinned  ends) 


Note:  Ho  ductility  should  be  anticipatid  in  coltmms 
unlessctL/r  <  15* 


Minimum  Thicknesses:  ^  <  17 

^f 


f-<  43 
\ 


Stiffness:  k 


^  \diere  A  ■  cross -section  area 


Beam-Columns: 

Strength: 


cr 


where  and  F*  are  ultimate  values  of  moment  and  thrust 
acting  In  combination 


5B.4  CONCRETE 

fl  a  1.25  f  idiere  f  a  standard  26-day  compressive  strength 

uC  C  C 

f^^  a  dynamic  craopresslve  strength 
u^  a  0.15  f^  "  allowable  dynamic  bond  stress  on  defonneu  bars 

f^^  ■  7*5  ■  dynamic  tensile  strength 


5B-5 


RSIRFOBCED  CONCRETL'  BSAKS  AND  ONE-WAY  SLABS 


Flexxiral  Strength  of  Croas  Sections; 


M 


r. 


100  ‘dy 


9f 


170f 


% 


j  =  0.009  t 


dcJ 


dy 


\diere  b  =  width  of  section 

d  »  depth  of  section  to  steel 

<P  =  steel  percentege  in  tension  face 


Shear  Strength  of  Cross  Section; 
Pure  Shepr: 


V 

p 


X 

s 


0,22  bdf*  ,  if  unreinforced 
c 

(0.22  bclf  ’  )X  ,  if  reinforced 

C  8 

I  ^ 

percent  of  steel  (inclined  at  crossing 
surf  ewe  Inciined  at  45°* 


Diagonal  Tension: 

Ihe  strength  in  diagonal  tension  depends  upon  the 
type  of  element  and  loading.  See  below. 

Flexuial  Resistance; 


Uniform  Load: 

Simply  supported,  R^ 


Fixed  one  end  and  R- 

hinged  one  end, 

Fixed  both  ends,  R^ 


8Mp/L 

8m.  4lC 

L  •  L 
0.0T2(<P  +  1^) 


”■  a* 

0.072(9  +  9')  f^(|) 


Concentrated  Load  at  Midspan 


Simply  supported, 


Fixed  one  end  and 
hinged  one  end: 


o.ojep  ^ 


•  •  ^  — —  - - - - 

r,  -  0.0J6(*  +  |1) 

/ 

Fixed  both  ends,  R^  ■ 

t  ft 

r^  -  0.056(9  +  90  ^ 

Where,  9»  =  negative  steel  percentage  at  support 

Tj,  B  resistance  per  unit  area  of  top 
^  surface  ■  R^/bL 

Pure  Shear  Resistance: 

Note:  Critical  section  need  be  taken  no  closer  to  suppur* 
than  0.5d,  or  O.IL,  whichever  Is  saaller. 


Uniform  Load 


Po.2 

L  « 


Concentrated 
Load  at 
Mldspeji 


Slnply-aiqpported,  R  »  2.5V 
or  fixed  both  ' 
ends 


Fixed  one  end 
and  hinged  one 
end 


Diagonal  Tension  Assistance: 


K  •  2V„ 

8  p 


V2-5(v  r> 

1  ”  t” 


100  I .  i  ®  (E)^l  ♦  5 

where  9.  >  percent  positive  steel  at  midspan 

C 

9  ■  average  of  negative  steel  per- 

"  ^  eentages  at  ends 

9^  ■  percent  web  reinforcement 


5B-7 


Bote:  For 


>  1.0,  use 


1.0 


9 


e-avg 


9 


g-ayg 

9_ 


StlfftiesB ; 


Uniform  Load. 


Sljqtly  supported,  k 

Fixed  one  end  and  k 

hinged  one  end. 

Fixed  hoth  ends,  k 

For  concrete. 


51^ 

i6oe^i 

C 

jOTEel 


Concentrated  Load 
at  Mldsuan 

>l8E  I 

_  _ c 


106E^I 

C 

T?  ■ 
19®^ 


k  ■ 


E. 


1000  f ' 


.  nW  /,  .v.)2 

3  +  100  ' 


n 


S 

E, 


&  .  22400 


Values  of  k'*^ 


9  -  0.5 
1.0 
1.5 


f  -  3000 

c 

0.27 

0.36 

0.42 


f  -  5000 
c 

0.22 

0.29 

0.34 


Bote:  Yield  deflection  “  f 


Hatural  Period  (Seconds): 


Uilformly  dlstrlhuted  mass: 

Simply  supported,  ®  ■ 

1? 

42,500  d,/9 

Fixed  one  end  and  T 

hinged  one  end. 

63,800  d  /9 

3B-6 

Fixed  both  ends,  T  ■  - -  m. 

85,000  d  /V 

idiere  L  and  d  are  in  Inches. 

Kote:  If  there  Is  Supported  mass  in  addition  to  the 
beam  or  slab  Itself  these  periods  should  be 

Increased  by  vhere  M'  Is  the  total  mass 

and  M  that  of  the  beam  or  slab  alone. 


Concentrated  mass  at  midspan: 


Simply  supported^  T  - 

Fixed  one  end  and  T  « 

hinged  one  end. 

Fixed  both  ends,  T  » 

idiere  I  Is  computed  for 


0.61 


0.h5 


the  transformed  cr^ss  section. 


5B.6  b/C  IBE-mAMB 

Ileelstaace;  Qie  resistance  may  be  taken  as  the  scoue  as  a  rectangular 
beam  haring  a  vldth  eip.ial  to  that  of  the  stem  of  the  tee-beam. 

Stiffness  and  natural  Period:  Ihe  equations  given  for  steel  beams 
may  be  used  vlth  I  taken  as  the  moment  of  inertia  of  the  transformed 
tee -section. 


5B.7  TOO-WAI  SLABS 

yiexural  Heslstance: 


r,  -  0.108  (Ogg  +  Ogj) 


*  2 

***80  ‘’^SB  ^ 


vhere,  9^^  «•  percentage  of  bottom  steal  in  short  direction 


% 


SB 


percentage  of  top  steel  In  short  direction 


5B-9 


\rtiere,  »  perceatuge  of  bottom  steel  In  long  directlo 


■  percentage  of  top  oteel  in  long  direction 


•  shorter  span 
■  longer  span 

“  ■ 


Shear  Resistance; 


The  resistance  of  a  two-way  slab  in  pure  shear  or  diagonal 
tension  may  be  taken  as  2(l-Kr)/3  times  that  for  a  one-way 
slab  spaxmlng  the  short  direction  when  a  is  greater  than  l/s 
and  the  sane  as  a  one-way  cj-ab  vmen  a  is  less  than  1/2 


Stiffness ; 


Simple  Supports  Fixed  Supports 


a  «  1.0 

k  »  25a 

=c'^ 

k  •  810 

isi 

-  0.9 

«  230 

«  7h2 

N 

11 

0 

• 

05 

«  212 

-  705 

f 

-  0.7 

=  201 

s  69a 

n 

■  0.6 

-  197 

.  724 

It 

«  0,5 

=  201 

B  806 

n 

^ere  I  -  moment  of  inertia  per  unit  width 

Note;  Yield  deflection  *  x  ■  r 

6  & 

Interpolate  for  1,  2,  or  J  sides  fixed 


Natutal  Period  (Secouub): 

*  ■ 


sla'ple  supports 


where  w  >  total  weight  per  unit  slab  area 
k  ■  atlffhesB  per  unit  slob  area 


T  - 


fixed  supports 


5B-10 


^B.6  FLAT  SLABS 

Flexural  Realstance; 


r  .  MIS  f  /  ip  )(“)^ 


^ftiere  K 


i:k 

2  L. 


Lq  "  short  span 
1^  ■  long  span 

■>  loii^  -1031^1  uapiLal  uimenaloc 

and  Tjjg  ■  average  percentage  of  bottom  steel  in 
long  and  abort  dlractiona 

9^  and  9^  ■  average  percentage  of  top  steel  between 
drop  panels  in  long  and  short  directions 

9^  and  9^  ■  average  percentage  of  top  steel  in  drop 
panels  in  long  and  short  directions 

jt  . 

*'■ 

>  width  of  drop  panel  In  long  direction 
d^  «  depth  iA>  Steel  in  drop  panel 
d  ■  depxh  to  steel  Ln  slab 


•  i 


292  bd  ♦  O.OU 


bd  f 


0 


^ere  ■  shear  r<*dl6taneep  pal 


A  >  area  of  panel  outside  column  capital  or 
drop  panel 


5B-11 


iftiere  t 


periaeter  of  col\snn  capital  or  drop  panel 


_  -s 

w  m  — ^ 


d  a  depth  to  ateel  in  drop  panel  or  slab 
Stlffneae  (interior  panels): 


0.05 

k  a  208 

0.10 

a  250 

M 

0.15 

252 

m 

0.£0 

a  276 

0.25 

»  302 

m 

vhere  I  •  aoment  of  inertia  per  uirit  width  (Trans.  Sect.) 
Kote:  L  «  average  span 

Yield  deflection  •  - 
NatnrjJ  Period  (Seconds): 


idiere  v  *  ^otal  vel^t  per  unit  slab  area 
k  a  etiffneas  per  vunit  slab  area 


SS.9  P^C  BSEF  BEAN3  (d/l.  >  O.k) 

Hiy  be  conputed  by  the  same  procedures  given  for  utlker  r/c  beans. 

Stif^sj,: 


51/  L 

58^?  I  50 
c  c 

. .  -,-J — 

15t 


simple  supports, 


Fixed  one  end  and 
bin0sd  one  end. 


— . -  - . . . . . . . . — 


Fixed  both  exide^  k  ■*  ""  , 

L 

Vhere  A  *  gross  veb  area 
Natural  Period; 

T  «  5. 

^ere  V  >  total  vel{^t  in  span 

k  stiffness  as  defined  above 


^B.IO  S/C  SHEAR  HAIU3 
Resistance; 

At  cracking 

Ultimate 


A  n  .*« 

“dc 


0.16 


§.0.1 


.  2.2P 


Vhere  C 


'ic  [«  *  1 


•  area  of  column  steel  on  coapreaalon  aide 
^  -  \v'dy 

■  area  of  wall  steel  In  eaeb  direction 


Stiffteei; 

Prior  to  cracking: 


where  I  •  ment  of  inertia  of  unsracked  section 
After  oraoklng: 

h  jL 


5B-13 


natural  Period  (Seconds): 


T  -  2* 


\diere  V  ■  total  vei{^t  as  roof  level  plus  l/^ 
velf^t  of  vails 


Is.  »  uncracked  stiffness 
c 


’iB.U  IV^C  ColwSSS 


Stren^: 


'u  •  (“-SS  *ic  "  ioo  >■* 

vhere  9^,  ■  total  steel  percentage 
b,t  •  cross-section  dimensions 
for  I  >  15,  P;-^y(l.6  -  O.OU  |) 
vherc  L  »  unbraced  length 


Cie  strength  of  members  subjected  to  combined  bending  and 
direct  stress  miv  be  determined  by  use  of  Fig.  5^*10. 2 
(aee  tPStSDUL  5A} 


5B.12  BOUDma  FRAMES  (smi.  OB  R/c)  (OBE-STORf) 


LK* 

«  •  h 

Where,  £M1  ■  U.e  sun  of  the  beading  otrengths  of  thv 
P  bolvssn  sections  or  the  connections  et  all 


colvnn  ends  in  the  frane 
story  height 


Lateral  Stiffness: 


Columns  find  both  ends,  k  ■  ^  t  (l) 

Columns  fixed  one  end  ^  ^  £  (l) 

and  hingad  one  end, 

Where  Z  (I)  •  eum  of  all  column  momants  of  Inertia 
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Natiaral  Period  (Seconds } : 

vhere  W  >  total  velgbt  of  deck,  frame,  etc.,  at  roof 
level  plus  1/3  of  velgbt  of  vails 

k  >  stiffness  as  defined  above. 


3B.13  B/C  arses 

Realatance; 


Compression  mode 


9 

(0*85  +  jIq  - 


Vhere  t  «  arch  thickness 

r  ■>  arch  radius 

r  -  resistance  In  pal 
c 

9^-  total  steel  pereentace 


riexural  mode 


0.078  9f, 


^  (l>r)‘ 


WLsre  d  •  depth  to  tension  steel 

P  ■  one<half  the  central  areh  angle 
9  <•  steel  percentage  In  one  face 


Buckling 


8  B  t^ 

{-  -  1) 

P‘  12(r)^ 


Vhere  r.  is  the  x-.aifOni  pre.*!e*>r4  at  «uieh  bucking 
occurs. 


Batural  Period  (Seooods): 

Oompresalon  mode 

T  •  xtere  r  ■  arch  radius  in  faet 


51-15 


Flexural  mode 


T 

♦ 


42,500  d  /«? 

1 


^ere  r  and  d  are  In  Inches 

^en  cover  at  crovn  -  0 


t  •  should  be  taken  as  unity  when  cover  at  crovn  is 

greater  than  0.1  times  the  span.  Use  linear  inter¬ 
polation  betveen  these  tvo  points. 


Hheae  periods  should  be  Increased  by  ^M'/M  ^en  there  is  mass 
in  addition  to  the  arch  itself. 


5B.14  sum  ABCHES 


Resistance ; 


Coqpresalon  mode 

A 


Uhere  A 
r 


cross-section  area 
arch  radius 


nexural  mode 


Where  p  -  one -half  centra^  arch  angle 


Buckling 


*hl 

Where  I  - 
Mote;  R* 


-{1  - 

moment  of  inertia 

is  resistance  per  unit  arc  length 
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natural  Period  (Seconds); 

Compression  mode: 

Where  A  »  cross-sectloo  area 

V  a  vel^t  per  unit  arc  length 
r  a  radius 

Flexural  mode 

T  a  0.64  Or)2  'ir 

Where  *  Is  as  defined  In  3KCTION5E-13 


3B.13  b/c  domes 

Resistance; 

Compression  node 


'c  ■  *  ife  V  ? 

Where  t  a  dome  thickness 
r  a  dome  radius 

9^  a  total  steel  percentage  in  one  direction 

Flexural  onde 


•  (0.85  *  io§  r 


Bwkllng 

(r)= 

natural  Period  (Stcoods): 

CoiBprosslon  and  Flexural  )A>do 


2500 


vhere  .  is  radius  in  feet 
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53.16  COMPCSEEE  BEAMS 


Flexural  Strength : 


M 


Vihere  >  area  of  steel  beam 
d  >  depth  of  steel  beam 
t  ■  slab  thickness 
b  ■  effective  slab  width 

Notes:  Total  sDab  compreeslve  strength  must  not  be 
lesc  'ban 

Required  shear  strength  of  concrete  slab  (on 
vertical  section  adjacent  to  beam)  ■  2A^  f^^tL. 

Required  total  strength  of  shear  connectors 
in  half  span  ■  A^f^. 

Reaistance : 

R  ■  (simple  span  •  uniform  load) 

Stiffness: 

36UB  I 

jj  ,  -r-  (simple  span  -  uniform  load) 

5L^ 

Where  E  ■  30  x  10^  pal 

I  ■  transformed  (to  cteel)  moment  of  inertia 
of  composite  section 


natural  Period: 

Use  SKus  expression  ao  for  steel  beams. 


5B.17  FOUOMIXCni  NA2SR1AIB 

Dynamic  bearing  pressures  for  the  desiipa  of  footings  may  be  taken 
as  foUovs: 


^  crushing  strength 

Fbr  aranulmr  soli,  the  bearing  pressure  tSiicb  applied 
statically  would  produce  a  one -inch  aettlsment. 


5B>i6 


For  c<^alve  eoll.  three-quarters  of  the  failure  loaa. 

If  detailed  soil  inf<Mnaation  is  laekiag  the  allowable  bearing  pressure  nay  be 
cooservatively  taken  as  tvi^  the  conventional  allowable  static  pressure  plus 
the  side-on  ovexl>ressure  ^  total  footing  area  be 

greater  -Uian  the  roof  area.” 


5B.ld  OOLUMf  Foonms 
Resistance; 
Flexure 


Shear 


^B  .19  WALL  FOOTINGS 
Resistance ; 
Flexure 


Shear 


100(L-a)‘ 


(square  footings) 


Where  r^  >  resistance  per  unit  bearing  area 
d  -  depth  to  tension  steel 
L  »  width  of  footipg 
a  s  width  of  coluan  or  base  plate 
^  a  bottom  steel  percentage  each  way 

L®  -  (a  +  2d)®  „  .  130  .  „  „  ’■f 

Where  r  «  shecu:  resistance 
8 


-  0.0179 

Where  r^  «  resistance  per  unit  bearing  area 
9  •  percentage  of  bott<NB  steel 
i  ■  footing  projection  outside  '*all 

Where  r^  •  shear  resistance  per  unit  bearlzig  area 
9  ■  percentage  of  top  steel 
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APPENDIX  5C.  SUPPLBMENTAflY  MATERIAL  RELATING  TO  EARIli  SHOCK 
AND  SHOCK  MOUNTING 

•I 

50.1  Introduction 
3C. 2  Notation 

5C.3  Air-Induced  Free-Fleld  Effects — Layered  Media 
5C.4  Transelsmlc  anu  Suhselsmlc 

3C.3  Direct-Transmitted  Ground  Shock— Surface  Burst 
3C.6  Direct -Transmitted  Ground  Shock— layered  Systems 
3C.7  Combined  Random  and  l^stematlc  Pulses 
3c. S  Comments  on  Design  to  Resist  Ground  Shock  Motions 
3c *9  References 


AFFEHDIX  SUPFIEMERTAEOr  MAIERIAL  RBLAIIRG  TO  EARTH  SHOCK 
AHD  SHOCK  MOURTING 


5C.1  INTROrOCTION 

In  ^Is  appendix  are  presented  a  number  of  Items  pertaining  to 
eart  shock  and  shock  mounting  vhlch  supplement  the  material  given  In 
Section  5»^*  ^or  a  uluuubuion  of  alr-lnduccd  effects  the  reader  referred 
to  Section  5*^*  material  presented  here  Includes  additional  considerations 
Involving  layered  media,  modifications  for  transeismlc  and  subselsmlc  condl> 
tlons,  direct-transmitted  grovuid  shock,  ccMablned  random  and  systematic  pulses, 
and  comn^nts  on  design  of  Interior  structures  and  equipment  supports  to  resist 
ground  shock  isotlons. 

Most  of  these  topics  are  under  a^^tlve  study,  but  the  latest  Informa¬ 
tion  and  recosnnendatlona  concerning  these  topics  is  presented  as  an  aid  la 
analyzing  and  designing  for  shock  loading  situations. 


5C.2  NOTATION 

^e  following  notation  Is  used  In  the  expressions  that  follow. 

a  B  maximum  acceleration,  in  gravities 

c  *  seismic  velocity  of  medium.  In  ft.  per  sec. 

d  a  maximum  elastic  component  of  transient  displacement,  in  in. 

E  a  Young's  modulus  of  elasticity,  in  psl.  For  plane  waves 
E  Is  given  by 

g  a  Pc2  (5C-1) 

\diere  P  Is  the  mass  density  of  the  soil,  u  Is  Poisson's  ratio, 
ana  c  is  the  seismic  velocity  as  defined  above.  For  values 
of  4  of  0.2^  or  less,  the  relationship  Is  approximately 
E  a  Pc  ,  and  for  soil  with  a  density  of  about  11^  lb.  per  cu. 
ft.,  an  approximate  value  of  E  is 

r  c  ,2 

B  a  ii>,00G  psl 

f  a  frequency  of  system,  in  cps 
p^Q  a  peak  overpressure  in  shock  wecve,  in  pel 
p^  a  incident  stress  at  Interface,  In  psl 
p^-  a  reflected  stress  at  Interface,  In  psi 
p^  a  transmitted  stress  at  Interface,  In  psl 
R  a  rrnge  from  ground  zero,  in  ft. 
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*  effective  duration  of  shocks  in  seconds,  corresponding  to  a 
triangular  preasvire-tline  representation  having  the  sane 
positive  phase  Impxilse  as  the  actual  shock.  For  the  deriva¬ 
tion  of  this  expression  see  Reference  (l),  SECTION  ^C.6.  Ihe 
overpressure  duration,  t^,  may  be  expresoed  as  fcLlovs: 


(5C-2) 


(for  Pg^  >  50  psi) 

—  1  v 

=  effective  velocity  pvilse  rise  time,  in  sec.,  or  t^  “2c 
for  a  homogeneous  medium 

=  positive  phase  of  str-t'u  or  velocity  puice,  in  rec.,  for 
direct -transmitted  ground  shock  as  defined  in  Pig.  3C-2. 

=  rise  time  to  maximum  strain  or  velocity,  .In  sec.,  for  direct- 
transmitted  ground  shock  as  defined  in  Fig.  5C-2. 

e  relative  displacement  of  spring  as  defined  in  Fig.  5C-7 

=  maxirntm  velocity,  in  ft.  per  sec. 

=  shock  velocity,  in  ft.  per  sec. 

=  yield  of  veapon,  in  lb  of  TNT 

=  yield  of  weapon,  in  kilotons  or  megatons,  as  noted 
=  vertical  depth  below  surfewe  to  point  considered,  in  i’t. 

=  attenuation  factor  for  velocity  or  stress 
=  strain,  in. /in. 

=<  E  c  /e  c  ,  where  subscripts  refer  to  adjacent  layers, 
mnnm 


5C.5  AIR-INDUCED  FREE  FIELD  EFFECTS— LAlfEHED  MEDIA 

Hie  layered  media  situation,  yhlch  is  complicated,  was  mentioned 
only  briefly  in  SECTION  5.4.  At  present,  for  lack  of  a  better  method,  it  is 
convenient  to  use  an  approach  that  involves  the  step-wise  passage  of  a  stress 
wave  downward  throu^^i  tije  medium.  ®ie  procedure  is  illustrated  in  Fig.  5C-1 
for  a  two-layered  system  where  the  transit  times  corresponding  to  passage  of 
the  stress  wave  do\ni  throu^  the  soli  are  as  Indicated  in  the  f3 ..  >'^e.  In 
general  the  basic  concepts  governing  the  computation  of  al8pl8u:eraent,  velocity 
and  acceleration  are  the  same  as  those  described  for  a  uniform  medium.  Tie 
displacements  at  any  particular  time  may  be  computed  by  dividing  the  average 
pressure  in  an  Interval  by  the  modvilus  of  elasticity  to  get  the  strain,  and 
multiplying  by  the  length  of  the  Interval  to  get  the  displacement;  the  total 
ulsplacement  occurring  over  the  length  of  the  pulse  is  the  sum  of  the  displace¬ 
ments  conqputed  from  great  depth  (point  of  zero  stress)  up  to  the  point 


considered.  It  Is  recoisnendcd  that  in  this  computation  one  asoirne  no  reduc¬ 
tion  in  peak  stress,  no  change  in  rise  time,  and  a  constant  dviration  t^^. 

Ihe  velocity  is  computed  by  means  of  the  i-elations  applying  to 
homogeneous  material  (SECTION  5.4)  having  a  value  of  c  equal  to  that  at  the 
depth  considered.  The  acceleration  is  computed  by  using  the  velocity  at  the 
point  considered  and  a  rise  time  equal  to  one -quarter  the  total  transit  time 
from  the  surfcuse.  It  is  recommended  that  the  same  ratios  of  horizontal  to 
vertical  effects  be  taken  as  for  the  homogeneous  case,  namely  1/3  for  the 
horizontal  displaccanent,  2/3  for  velocity,  and  accelerations  equal. 

Complications  arise  at  the  interface  of  tvo  media  because  of  stress 
transmission  and  reflection.  In  soil  and  rock  media  the  lnterfa:e  may  nov 
be  sharply  defined  and  the  reflected  and  transmitted  stress  probably  does  not 
follow  the  lavs  governing  purely  elastic  media.  If  It  is  known  that  the 
Interface  is  fairly  sharp,  an  estimate  of  the  reflected  axid  traii.'mlttcd 
stresses  can  be  made  from  the  following  relationships. 

Pr^H^^l  ^5C-5) 

^t  "  1  +  ♦  ^1 

^diere  i  is  the  ratio  of  the  Impedances  of  the  two  media. 

Reflected  and  transmitted  pressitres  are  Illustrated  by  dotted  lines 
In  Fig.  5C-1.  It  should  be  noted  that  the  stresses  at  the  Interfece  must  be 
equal,  and  that  from  considerations  of  continuity  the  displacements  must  be 
equal.  With  care  and  Judgment,  It  generally  is  possible  to  arrive  at  reason¬ 
able  estimates  of  acceleration,  velocity  and  displacements  in  layered  media. 


5C.4  TRARSEISI'ZC  AND  SUBSEISMIC 

Generally  it  is  advisable  to  compute  alJ  effects,  (velocities  and 
accelerations  are  of  partlciilar  Interest  here, )  as  if  superselsmlc  conditions 
existed  for  a  homogeneous  case,  or 

U  >  c 

F6r  the  pressxire  levels  xmder  consideration  U  may  be  c(»npnted  from 
the  relationship 


f 

U  »  1130  IPs Jl  + 

» =  ^  ft- 


where  is  atmos.  press. 

for  p  >  100  psl 
80 


or  approximately 


Denote  the  quantity  computed  In  this  way  Q.  Then,  modify  Q  to  obtain  the 
desired  quantity  Q  by  multiplying  by  the  factor  as  indicated  below. 


Condition 
c  <  U 

U  <  c  <  1.5U 
1.5U  <  c  <  2U 
2U  <  c  <  • 


Value  of  B  ■ 

1.0 


c/u 

1.5 


aLI 


It  is  noted  that  this  multiplies  the  computed  velocity  and  accelera¬ 
tion  value  by  a  factoz^  having  a  maximvan  value  of  1.3  at  a  seismic  velocity 
such  that  the  air  shock  velocity  is  nearly  equal  to  the  Rayleigh  wave  velocity. 
Displacements  do  not  appear  to  be  affected  by  the  t»*an»'ltion3  \aider  considera¬ 
tion,  and  for  lack  of  better  information  at  present  it  is  reconmended  that 
deflections  not  be  modified  by  the  noted  coefficients. 


Hie  question  naturally  arises  as  to  which  value  of  c  to  use  in  a 
layered  system.  It  is  tentatively  recommended  that  each  layer  be  considered 
separately  with  its  appropriate  value  of  c,  but  if  lower  layers  give  a  hle^er 
value  of  acceleration  . or  velocity,  use  the  larger  value  at  all  higher  levels, 
or  as  a  base  for  obtaining  values  at  hl£^er  levels. 


3C.  3  DIRECT-TRiUOlITTBO  GROUNDSHOCK— SURFACE  BURST 

!Qie  energy  transmitted  directly  to  the  earth,  frcsa  a  surface  or  near 
surface  burst  can  be  propagated  effectively  throu^  sound  material  for  long 
distances.  Ejqperlmental  data  of  this  nature  are  acvallable  only  for  buried 
HE  shots,  and  in  a  few  cases  for  very  small  nuclear  weapons  [References  5C(2), 
5C(3)  and  5C(4)].  Studies  of  Oiese  data  and  of  some  of  the  prelimlnaxy 
theoretical  work  in  progress  have  led  to  the  relationships  presented.  Ihe 
estimates  of  acceleration,  velocity  and  displacement  given  herein  may  be 
conservative,  but  probably  are  not  unduly  so. 

For  a  completely  burled  shot,  the  first  portion  of  the  strain  or 
velocity  record  at  a  distance  R  from  the  point  of  burst  has  the  fonn  shown 
in  Fig.  3U-2.  Uie  corresponding  acceleration  and  displacement  wave  forms 
also  are  shown  in  the  figure.  Ihe  relat-ive  magnitudes  of  the  thnes  shown  in 
Fig.  5C-2  are  taken  from  data  given  in  Chapter  VII  of  Ref.  5C  (2). 

Without  serious  error  the  relation  })e tween  peak  strain  •  and  Lhe 
peak  particle  velocity  v  is  given  by 


V 


C  P. 


so 


E 


(5C-4) 


Assuming  that  the  steepest  port  of  the  velocity-time  curve  has  a  slope  twice 
the  average  slope  during  the  rise  phase  leads  to  the  following  relationship 


between  peak  acceleration  and  peak  velocity 


T  ’  R 


(5C-5) 


An  estljnste  of  the  maximum  dlaplaeement  d  may  be  obtained  by 
computing  the  area  under  the  positive  phake  of  the  velocity  curve  of 
Fig.  $C~2.  If  the  area  shown  is  about  the  same  as  that  represented  by  a 
parabola,  then 


d-fvT^^is.  (50-6) 

If  data  for  strain,  acceleration  or  displacement  are  available, 
approximate  relations  for  the  other  quantities  be  cbtalred*  In  general 
the  seismic  velocity  enters  Into  the  relationships.  For  fully  burled 
detonations  experimental  data  Indicate  that  In  general  the  strains  are  In¬ 
dependent  of  c,  the  velocities  depend  on  c,  and  the  accelerations,  stresses 
and  energy  on  c^.  However,  some  available  data  for  vexy  small  chtfges 
Indicate  other  relationships  possibly -may  exist. 

With  respect  to  energy  partition,  available  data  Indicate  a  net 
effectiveness  In  terms  of  yield  of  surface  nuclear  compared  with  burled  BE 
of  approximately  0.01  and  this  figure  Is  used  herein  In  relating  the  effects 
of  the  two  conditions. 

Ihe  relationships  developed  below  are  restricted  to  graul\.e  for 
'  surface  bursts  and  more  specifically  to  ranges  ^ere  the  overpressure  at  Ihe 
surface  Is  between  100  and  600  psl. 

Data  are  available  for  acceleration  from  RAZRIER  in  volcanic  toff 
with  8  seismic  velocl'ty  of  oOOO  fps  [Ref.  5C(4)]'.  In  the  range  .^f  Interest, 
scaled  In  terms  of  megaton  weapons  ai^  seismic  velocity,  the  acceleration 
may  be  e3q>ressed  as  follows  t 


T^^^iooo  ftj- 


Liooo  fpsj 


a-0.56g[j^J  [■  K 
From  Eq.  (5C-4),  (5C-6)  and  (^0-7)  the  following  may  be  obtained: 


(5C-7) 


(5C-6} 

(5C-9) 


For  slant  ranges  it  Is  recommended  that  these  be  considered  as 
horizontal  components.  The  vertical  components  of  displacement  and  strain 


may  be  taken  one -half  as  great,  but  the  velocity  and  acceleration  should  be 
taken  the  same.  It  Is  eaphaslzed  that  the  derived  relationships  are  for 
surface  bursts  In  a  homogeneous  medium,  are  intended  to  be  used  only  m  the 
range  corresponding  to  overpressures  of  100  to  600  psl,  and  are  derived 
solely  for  fganlte  material.  Hovever,  In  lieu  of  other  data,  these  relations 
may  be  used  for  other  materials  and  conditions.  It  is  recommended  that  in 
genereu  the  seismic  velocity  for  granite  deposits  be  taken  not  greater  than 
12,000  fps;  flssurlng  end  other  factors  tend  to  give  a  gross  seismic  velocity 
for  the  deposit  as  a  liiole  vhlch  is  tisual3y  much  less  than  laboratory  tests 
give  fhr  small  samples. 


5C.6  DIRBCT-TIUWSKnTliD  OaOUHI}  SHOCK— LAYERED  SYSTEMS 

« 

Fbr  estimating  the  velocities  and  accelerations  only,  not  displace¬ 
ments,  In  a  tvo-lsyered  system,  the  method  Illustrated  in  Fig.  5C-3  based  on 
ray-paths  may  be  used  as  a  best  approximation  at  present.  The  principle  used 
is  baaed  on  en  effective  value  of  c,  dealgnated  by  c,  ftr  vhieh  the  transit 
time  by  a  direct  vave  traa  the  source  to  the  target  is  the  same  as  for  the 
festeet  transit  time  of  a  shock  vsve  in  the  complex  layered  system. 

Reference  to  Tig,  5C-3  vlU  shov  the  fbllovlng  relationships  to 

exist. 

c, 

sin  ♦  ■  ^ 

and 


Thus 


It 


and 


-S-.  ^  B  -igp 


c  Cg  F  ^ 


(5C-10) 


ill  be  noted  -that  if 


^  — >  0;  c  — }  c„ 


If 


*^1  "  ^  c  -  c. 


As  an  exae^le,  if  R  ■  100  ft.,  y  >  60  ft.,  R  -  2000  ft., 

■  2000  fps  and  ■  6000  fps,  then  one  finds  from  Bq.  (5C-10)  that 

c  •  6300  fpa. 


5C.7  COMBINED  RANDOM  AND  SYSIEMAria  FUI5ES 

Ordinarily  ttie  Input  for  ground  motion  consists  of  two  parts,  a 
tjystematlc  portion  on  top  of  %dilch  is  superlmoosed  a  series  of  random 
oscillations.  IDie  magnitude  of  the  peaks  of  the  random  components  may  be 
either  small  or  large  compared  to  the  systemeitic  portion.  The  random  part 
may  exist  over  the  entire  range  of  the  systematic  portion,  only  part  of  the 
range,  or  even  prior  to  the  systematic  ■'portion.  Schematically  the  parts  may 
be  related  as  in  Fig.  5C-4  where  the  actual  input  at  any  time  is  the  cvmi  of 
the  two  input  cxurves. 

For  a  random  series  of  pulses,  the  relative  velocity  peak  of  tne 
spectrum  compared  with  t)ie  maximum  input  velocity  can  be  hi^,  but  is  un¬ 
likely  to  be  much  higher  than  about  5  to  5  unless  an  almost  resonant 
condition  is  obtained  with  several  pulses  of  alternate  positive  and  negative 
sign  of  exactly  the  same  shape  and  duration.  Si’ch  a  resonant  condition  for 
velocity  is  extremely  vinllkely  fi-uis  blast  loading,  and  heui  n*.  L  been  observed 
even  in  earthquake  phenomena.  Even  if  for  some  reiiscn  partial  resonance  is 
achieved,  damping  will  reduce  the  peaks  considerably. 

In  general  the  combined  effect  of  the  two  input  motions,  systanatlc 
and  random,  depends  on  their  individual  effects.  In  Fig.  5C-5  are  shown 
sketches  of  the  response  CTirves  corresponding  to  each  of  the  parts  of  Fig. 
5C-4.  The  response  spectrum  correapondins  to  the  systematic  component  (e) 
is  a  relatively  sharp-peaked,  neea*ly-triangalar  curve  and  generally  with  the 
peak  at  a  relatively  low  frequency,  \*ille  the  response  spectrum  corresponding 
to  input  (b),  the  random  con^nent,  is  flatter  and  broader.  Bie  combination 
of  the  two  spectra  will  be  rou^xly  of  the  same  general  shape  as  (b)  but  with 
a  longer  base.  There  may  be  a  bicker  peak  as  well. 

It  can  be  shown  rigorously  that  the  combined  sx>ectrum  will  in  all 
cases  be  either  equal  to  or  less  than  the  sum  of  the  spectra  corresponding 
to  the  Individual  inputs.  I .  ^neral,  al'Uiou^  it  has  not  been  rigorously 
proven,  it  appears  reasonable  that  the  combined  spectrum  can  be  expected  to 
be  equal  approximately  to  the  square  root  of  the  sums  of  the  squares  of  the 
individual  spectra,  point  by  point.  In  most  practical  cases  of  the  type  under 
consideration,  because  of  the  fact  that  the  frequencies  for  ^ich  the  spectrum 
values  are  Important  differ  by  a  considerable  amount,  the  simis  of  the  spectra 
or  the  square  root  of  the  sxsns  of  the  squares  are  neecrly  the  same  as  the 
maximum  individual  modal  value. 

Until  such  time  as  better  information  becomes  available  it  is 
recommended  that  the  bounds  for  design  shock  spectra,  as  discussed  in 
SECTION  5.l^.l,  be  taken  in  accordance  with  the  values  presented  in  Tebls 
Normally,  for  air-induced  shock  in  homogeneous  media  anl  supei  seismic  condi¬ 
tions,  the  bounds  corresponding  to  a  simple  pulse  and  hlg^  dampilng  would  be 
applicable;  for  layered  media  and  superselsmlc  conditions,  and  all  trans- 
seismic  situations,  the  bounds  corresponding  to  a  complex  oscillatory  pulse 
and  bl^  damping  are  applicable.  For  all  cases  involving  direct -transmitted 
shock  it  is  reconmended  that  the  bounds  corresponding  to  a  complex  oscil- 
latoxy  pulse  and  hi^  damping  be  used. 


5C.8  COMMEKTS  OK  EESIGN  TO  RESKT  GROUND  SHOCK  MOTIONS 


(a)  Introduction.  Hie  comments  contained  herein  concern  the 
design  of  underground  Installations  to  resist  the  ground  shock  from  hl^ 
overpressures  In  accoz^iance  vlth  the  estimates  of  Input  ground  motion  made 
In  iffiPENDIX  5C  and  SECTION  5.*^• 

Whether  the  structiu-c  he  a  ahallow  box,  arch,  or  a  deep  underground 
structure,  the  Input  motions  and  the  response  spectra  corresponding  thereto, 
fo"  the  free -field  motions,  are  used  in  tte  same  way,  and  no  distinction  Is 
made  here  between  these  structures.  Hie  primary  consideration  given  here  is 
to  the  type  of  Interior  structvire  vhlch  consists  of  a  two-to-four  story 
building  frame  suppoirted  independently  of  the  roof  covering,  so  that  the  base 
SKitlon  to  which  the  frame  Is  subjected  corresponds  In  many  respects  to  earth¬ 
quake  base  motions.  Bbwever,  many  of  the  comments  regarding  design  of  equip¬ 
ment  are  pertinent  to  the  situation  '  :.ro  equipment  Is  mounted  directly  on  a 
box  structure  without  an  independent  interior  frame. 

(b)  C^nments  on  Shock  Moxuitlng.  Equipment  in  a  structure 
subjected  to  shock  is  forced  to  respond  in  a  manner  determined  by  the  struc¬ 
tural  b^avioi  *  Die  shock  motion  of  the  foundation  of  the  building  is 
assumed  to  be  known,  coirespondlng  to  some  relatively  simple  motion  (possibly 
a  single  sine  curve  of  displacement)  on  \dilch  Is  superimposed  a  random  pat- 
tem  of  relatively  hlflier  acceleration  pulses  with  only  a  small  amplitude  of 
motion.  Hie  net  effects  of  the  ground  motion  are  most  readily  described  In 
terms  of  a  response  spectrum  such  as  the  one  shown  In  Fig.  5C-6*  Hie  three 
stralgdit  line  bounds  for  the  spectrum,  shown  as  A,  B,  and  C,  are  determined 
as  follows: 


A  corresponds  to  the  maximum  ground  displacement 
(taken  In  the  example  as  ^  In. ); 

D  corresponds  to  I.5  times  the  mexlmum  ground  velocity 
(taken  as  55.5  in.  per  sec.,  hence  the  line  is  drawn 
at  50  in.  per  sec.); 

C  corresponds  to  the  maximum  ground  acceleration 
(taken  at  5*0g). 

A  R Ingle -degree -of -freedom  elastic  system.  •  objected  at  its  base 
to  the  Input  motions  described,  would  suffer  a  maximum  relative  motion  of 
the  supported  mass  to  tJie  base  ccircsponding  to  the  frequency  of  tlie  system. 
If  the  frequency  were  1.0  cycle  per  sec.  the  relative  maximum  dispiaceuent 
would  be  5  in.  (or  the  same  as  the  base  motion.  In  this  case)  an.”*  the 
absolute  muxinniitt  acceleration  would  be  0. However,  if  the  .  upjpoi'ted 
system  had  a  natural  frequency  of  5*0  cycles  per  sec.,  the  maxlmun  relative 
displacanent  would  be  2.6  in.,  and  the  maximum  acceleration  would  be  nearly 
2.5g.  If  the  mass  could  not  withstand  an  acceleration  greater  ilian  l.Og, 
it  would  be  necessary  to  soften  tlie  spring  supports  to  the  extent  that  the 
f  equency  would  be  less  than  1.5  cycles  per  second. 


However,  other  alternatives  are  possible,  Including  permitting 
yielding  of  th^  "spring"  supporting  the  mass.  A  large  structure,  say  a 
multi-story  frame,  has  several  degrees  of  freedom  and  can  oscillate  or  respond 
to  shock  In  several  different  modes.  It  Is  possible  to  relate  the  response  of 
such  a  structxure  to  that  of  a  slngle-degree-of -freedom  structure.  [See 
SECnOH  5C.8(j)i 

Each  piece  of  equipment  In  the  structure  Is  Itself  a  dynamical 
system,  and  Interacts  with  the  structure  to  form  a  hl^ly  complex  system. 

When  the  designer  modifies  the  structure  to  enable  It  to  withstand  the  shock 
motions,  he  affects  the  equlpotent  in  the  structure  also.  It  may  be  necessary 
in  the  design  of  the  structure  to  provide  flexibility  or  energy  absorption  in 
order  to  permit  survival  of  the  equlpaent  in  the  structure,  particularly  if 
the  equipment  Is  hlg^ily  shock  sensitive. 

Ihe  particular  structure  referred  to  herein  Is  a  three  or  four 
story  frmne  subjected  to  quite  violent  notions  cf  the  bast.  Such  a  structv-c 
can  be  "shockmounted"  as  a  ^ole  by  soft  spring"  at  the  bate,  or  Individual 
floors  can  be  Isolated.  As  an.  alternative,  each  sensitive  piece  of  equipment 
can  be  separately  Isolated.  However,  it  is  likely  that  the  structure  Itself, 
with  only  simple  precautions  ax»l  provisions  allowed  for  Ixi  the  structural 
design,  can  provide  a  sufficient  degree  of  attenuation  of  the  shock  notions 
transmitted  to  the  equipment  that  In  most  cases  no  further  Isolation  Is 
required,  except  possibly  for  vertical  motion. 

(c)  Effect  of  Plaatle  Behavior  in  a  Slrole  System.  Consider 
the  simple  system  composed  of  a  staas  m  and  a  spring  having  a  spring  constant  k 
In  the  elastic  xange,  as  shown  in  Fig.  5C-7,  >^ere  the  relation  between  force 
In  the  spring  and  relative  deflection  or  strain  Is  as  indicated  In  Tig.  ^C-d. 
Ths  base  It  subjected  to  a  disturbance  x.  When  the  structure  beh'jives 
elastically,  if  the  maxlmvn  input  motion,  velocity,  sad  acceleration  have 
macaitudea  corresponding  to  those  used  In  drawing  Fig.  ^C-6,  the  maximum 
responses  of  the  syetem  can  be  ireed  from  the  chart  In  Fig.  ^C-6. 

If,  however,  the  spring  becomes  plastic  at  a  valus  of  relative  dis¬ 
placement  u  ,  then  the  q\H>"tior  erises  as  to  the  maxlmvB  responses  generated 
for  the  seme  Input  notions  x.  Ihe  studies  that  have  been  mede  Indicate  that 
In  general  nearly  the  smae  relative  displecements  arc  reeched,  and  that  the 
seme  displacement  responae  spectrxa  can  be  used,  as  a  reasonable  approximation. 
However,  one  cannot  now  interpret  the  same  spectrum  Mnee  In  terms  of  accelera¬ 
tion,  in  tha  region  where  ^e  displacement  exceeds  Jte  elastic  limit  /slue. 

In  that  region,  only  for  computing  accejeration,  one  must  replace  the  part  of 
tha  response  epeetnm  lying  above  the  relative  dlspleceMnt  value  »  by  a 
lisa  paralltl  to  line  A,  along  tha  line  u  »  u  ,  whare  u  correnooiiuS  to  th*: 
alastlc  limit  daflactlon  as  shown  In  Fig.  Such  ..jiked  a  ,  Is 

drawn  in  Fig.  corresponding  to  a  valua  of  ylald  dlsplacament  of  r  in. 

From  Fig.  9C-6,  it  appaart  that  a  system  having  a  frequancy  of  ;).0  cycles 
per  aec.  would  have  a  relative  displaceawnt  of  2.6  In.,  for  both  elaatl:  and 
alaato -plastic  conditions,  but  would  have  en  eccelcratloa  of  nearly  2.5g  for 
alastlc  conditions,  and  nearly  1.0  g  for  elasto -plastic  conditions. 


If  now  a  very  ligiit  piece  of  equipment  is  mounted  on  the  mass  M  in 
Fig.  5C-7,  and  if  .the  equipanent  mass  is  so  small  that  it  does  not  affect  the 
response  of  M,  in  general  the  equipment  acts  like  a  system  subjected  to  a 
revised  base  motion  which  is  the  motion  of  the  mass  M.  However,  now  we  need 
the  absolute  motion  of  M,  which  we  cannot  obtain  conveniently  from  Fig.  5C-6. 
We  can  Infer  that  the  maximum  base  motion  can  range  from  a  minimum  value  of 
X  -  u,  to  a  maximum  value  of  x  +  ii  ,  but  this  range  is  probably  too  large 
to  be  useful. 


,  Nevertheless,  a  value  of  maximum  acceleration  can  be  obtained  from 
Fig.  and  this  value  provides  an  upper  limit  of  acceleration  for  the 

equipment.  Utoder  the  worst  possible  conditions  the  response  of  mass  M,  >diich 
is  the  base  of  the  equipment,  will  be  a  simple  harmonic  motion  of  magnitude 
corresponding  to  the  maximum  acceleration  determined  from  the  response  spectrum 
in  Fig.  ^C-6.  If  the  equipiaent  is  subjected  to  such  an  input,  Its  response  is 
a  function  of  the  ratio  cf  the  equipment  frequaucy  to  the  frequency  of  the 
motion  of  mass  M. 


The  ratio  of  the  equipment  acceleration  a  to  the  "structure" 

acceleration  a  is  given  by  the  expression 
8 


(5C-U) 


Where  f  <■  frequency  of  the  equipment, 

■  frequency  of  the  structure. 

Ihis  relation  is  not  valid  whan  f  is  nearly  aqual  to  f^.  Bowtvtf,  it  Indl- 
cates  that  the  acceleration  of  the  equipment  will  be  less  than  twice  that  of 
the  structure  (or  of  mass  M)  when  the  ^quency  of  the  equipmeiit  is  more  than 
1.4  tlflws  that  of  the  struck  jtre,  or  less  than  about  0.8  times  that  of  the 
stiMcture.  In  other  words,  high  acceleration  in  the  equipment  can  be  avoided 
by  not  "tuning"  the  equipment  to  the  same  frequency  as  the  structure. 


For  example,  in  Uie  illustration  uaeU  ^^revlously,  for  a  structural 
frequency  of  3  cps  and  the  reaponse  spectrum  of  Fig.  50*6,  tlie  equipatent  ac¬ 
celeration  will  be  less  than  ii*  the  structure  is  elastic,  or  less  than  2g 
if  the  structure  has  a  yield  deflection  of  1  in.,  p  ^vLlcU  wiut  Utu  equipment 
keepa  away  from  a  frequency  range  between  2.4  and  4.2  cpo.  This  frequency 
rang*  may  be  avoided  ^y  appropriate  r.r.ouk  uountlag  of  the  equi]«ent,  or  it 
may  have  been  iMipllcitly  avcidc.^  by  Uia  .ai>  nature  of  the  equipment  itself. 


In  summary,  a  design  spectrm  lor  a  constant  ^alje  tf  u,  the  ratio 
of  the  total  diaplaceaent  to  the  elastic  limit  diaplacesent,  iu,  for  maximum 
deflection,  the  or^i^al  spectnss,  but,  for  acceleration.  It  la  a  polygon 
drawn  for  valvMs  1/V  times  the  deflection  values  on  s^  three  sides.  A  struc¬ 
tural  dssifpi  spectrum  for  u  >  b  is  shown  in  Fig.  5C-^  by  the  lines  A^,  B', 
and  C*.  ^ 


3C-IO 


(d)  Uss  of  Response  Spectre  for  Multi -Story  Buildings— Hori¬ 
zontal  Motions.  The  use  of  the  slngle«degree  or-freedom  response  spectrus  for 
a  multi-story  building  represents  an  approximation  vhlch  requires  study,  tlie 
background  of  experience  with  earthquake  resistant  design  indicates  that  the 
a]pproxlfflation  can  be  useful.  Rigorous  use  of  the  spectrum  concept  is  possible 
only  by  consideration  of  the  individual  modes  of  dynamic  response  of  the 
multi-story  structure.  A  method  for  the  elastic  analysis  of  the  complex  system 
is  briefly  described  in  SECTION  5C.8(j). 

As  has  been  pointed  out  there  are  several  reasons  why  the  design 
spectrum  can  be  lover  in  value  than  the  response  spectrun  from  t^ie  input 
motions.  First  of  all>  before  failure  of  a  building  friimt,  occurs  there  will 
be  plastic  action  developed,  and  the  responses  will  be  affected  thereby  because 
of  the  energy  absorption.  There  is  still  another  influence  about  ^Ich  too 
little  is  yet  knovn.  This  concerns  the  interaction  of  relatively  heavy  struc¬ 
tures  with  the  ground  \Aien  the  ground  motion  creturs.  Although  the  interaC  ion 
is  relatively  sli^t,  calculations  that  have  been  made  in  a  preliminary  fashion 
indicate  that  there  is  a  series  of  peaks  and  valleys  in  the  response  spec  era 
and  the  valleys  actually  correspond  to  the  true  response  for  Lhe  actual 
structure  for  vdiloh  the  input  motions  arc  measured  vheieue  the  peaks  correspond 
to  responses  of  structures  with  sli^tly  different  physical  properties. 

In  the  light  of  the  above  discussion  it  is  belle/ed  reasonably  con¬ 
servative  to  use  as  a  basis  for  the  design  a  design  spectrum  plotted  in  the 
same  way  as  the  reapotue  spectra  in  Fig.  ^C-6,  with  envelopes  determined  on 
the  basis  of  the  amount  of  plastic  deformation  that  Is  permissible. 


Insofar  as  a  building  frame  itself  la  concerned,  structur*!  design 
can  be  accompllahed  with  a  reasonable  degree  of  conaervatiam,  by  'jiaing  the 
design  recoanendatlona  proposed  for  earthq-jike  design  [Ref.  !)C(^)].  In  general, 
for  building  franea,  these  consist  of  two  parts:  (l)  a  specification  on  the 
base  shear  for  vhlch  the  design  should  be  made;  and  (s),  a  pacification  for 
the  design  force  distrlbuti.n  over  the  height  of  the  building  frame. 


The  force  distribution  over  the  nc'^t  of  the  building  corresponds 
to  a  linear  distribution  of  acceleration  ranging  from  zero  at  the  base  to  a 
■axiaum  at  the  top  of  the  building.  The  acceluratlons  corresponding  to  the 
design  force  distribution  »i«  ahovn  in  Fig.  ^C-9<  In  the  figure,  there  is 
given  a  derivation  of  the  equations  for  force  distribution  given  in  Refs.  5C!(5) 
and  ^(6)  in  which  this  magiitude  of  the  force  at  any  <  ^ovation  is  given  by  the 
relationship: 


V  £  Nh 


(5C-:.3 


\ 
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in  which  F  ■  lateral  force  at  any  height  h  above  the  base,  correspoDdlng 
to  the  mass  of  the  building  or  weight  of  the  building  at  that 
helghb. 

V  ■  total  lateral  design  shear  at  the  base. 

W  ■  the  weight  at  the  bvieht  h. 
h  ■  the  height  ebove  the  base  of  the  building. 
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For  a  uniform  building,  the  local  force  at  the  top  of  the  building 
would  correspond  to  an  acceleration  of  60  percent  g,  if  the  avereige  beise 
acceleration  used  in  the  design  is  ^0  percent  g. 

From  the  design  spectrum  which  has  been  modified  to  account  for 
inelastic  action  one  can  read  off  the  accelerations  and  therefore  the  seismic 
'’oefficients  to  be  applied  to  the  total  weight  of  the  building  to  determine 
its  base  shear.  Kie  base  shear  so  obtained  is  then  used  with  tiie  procedure 
outlined  in  Fig.  5i^"9j  to  determine  the  design  shear  distribution  over  the 
height  of  the  building.  Cibse  are  considered  along  with  the  dynamic  yield 
stresses  of  the  material,  in  arriving  at  the  final  design  magnitudes. 

In  using  the  spectrum  for  a  multi-story  building,  the  period  of  the 
building,  or  the  freouency  that  corresponds  to  this  period,  for  the  lowest 
u.ode  is  used.  Although  a  more  accurate  analysis  taking  accoimt  of  tlie  modax 
deformation  of  the  building,  in  accordar..^  wich  the  methoas  desc^.i^cd  in 
SECTIOH  3C.8(j),  can  be  made,  such  an  analysis  is  not  vacranted  ir  the  light 
of  present  knowledge,  for  the  building  frame  design  itself.  Moreo'''er,  it 
presents  difficulties  in  that  such  a  design  cannot  be  completed  untLl  the 
parameters  entering  into  it  are  known,  and  these  are  not  known  until  the  design 
is  completed.  Until  methods  are  available  for  a  more  accurate  study  of  the 
enerQT  absorbing  mechanisms,  to  lead  to  a  rationa:i  basis  for  the  reduction  in 
effect  that  is  found  in  practice,  a  modal  analysis  procedure  must  be  applied 
with  some  caution  in  order  to  avoid  excessively  large  magnitudes  of  the  design 
forces.  The  procedures  described  in  Ref.  ^^'^(7)  Miy  ^  used,  but  this  may  be  unduly 
involved  for  the  problem  at  hand.  The  method  recomended  herein  is  probably 
more  accurate,  if  plaatle  deformation  in  the  lover  story  develops,  than  any 
other  almple  procedure. 

From  a  slightly  different  point  of  view  the  structure  cen  be  con¬ 
sidered  as  a  series  of  masses  and  springs  in  line,  with  the  spring  flexibilities 
corresponding  to  the  lateral  flex.^^ility  of  the  columns  between  floors,  and 
t)ie  masses  being  tlte  floor  masses.  It  can  be  seen  that  the  lover  columns,  below 
the  first  floor,  have  a  function  corresponding  to  an  isolating  spring,  and  the 
-!K>re  flexible  they  ore,  the  better  the  shock  iuolatloa.  Tlie  fundamental  fre¬ 
quency  of  the  complex  structure  takes  account  of  U.v  effective  flexibility  of 
first  floor  columns  end  gives  a  basis  for  use  of  the  simple  spectrum  of 
Fig.  ^C-6  to  represent  the  cuwplex  structural  response. 

Fbr  a  uniform  shear  beam,  of  which  the  multi -story  freme  la  an 
approximation,  the  first  few  frequenc^o?  .ue  in  t.he  ratio*  etc.  Tt»e 

ratios  are  slightly  different  for  a  *>ene  tfut  not  markedly  so.  Hie 
coefficients,  adjusted  for  the  participation  x'actors  for  the  ciodos.  -“c  rouahly 
1/2,  1/3,  1/6  -,  and  nearly  cero  for  the  icjit  fev  liodes  in  '0. .  .'.in  aum 

is  1.0. 


Bence  it  can  be  proved  that  the  aMximvu  relative  displacement  (or 
maxlmw  acceleration)  of  the  first  floor  is  about  the  same  as  that  In  the 
spect’  urn  of  Fig.  ^0-6,  or  less,  corresponding  to  the  fundamental  frequency. 

It  is  the  tome  if  all  frequencies  lie  along  line  A  in  Fig.  3C-b,  it  is  about 
2/i  if  they  all  lie  along  line  B,  and  about  1/2  it  they  all  lie  along  line  C. 
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Ibe  Important  fact  la  that  for  the  first  floor  we  can  use  the  response 
spectrum  of  Fig.  ^C-6  to  determine  an  upper  limit  of  maximum  horizontal  ac- 
celeratlon.  In  the  elastic  range. 

For  higher  floors  the  acceleration  and  the  displacement  relative  to 
ground  are  hl^er.  The  precise  values  depend  on  the  framing  and  the  structural 
parameters;  the  ratios  for  the  top  floor  for  a  system  with  equal  floor  masses 
and  equal  column  flexibilities  throuf^out  indicate  the  following  results  as  an 
app  .  Imatlon: 


All  frequencltii 
intersect  spectrum 
on  line 

Relative  displacements  or 
compared  with  FIk. 

accelerations 
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First  Floor 

Too  story  of  5 

Too  storv  of  4 

A 

1.0 

1.6 

1.7 

B 

0.7 

1.3 

1.4 

C 

n  c: 

1.2 

1.3 

In  the  absence  of  analytical  data>  a  linear  interpolation  for  Inter¬ 
mediate  stories  may  be  used>  althouf^  It  Is  reconnended  that  before  dolxig  so 
the  first  floor  values  be  Increased  to  1.0  for  all  ranges. 

For  the  deslgi  of  the  coIudas  In  the  upper  stories  the  procedure 
previously  described  and  which  Is  used  for  earthquake  desl^i  sould  be  eaployed. 
This  involves  the  base  shear  detemlnatlon  froa  Fig.  ^C*6  and  a  distribution 
of  lateral  force  ever  the  height  of  the  structure  corresponding  to  a  linesr 
variation  of  aceelarationi  from  a  base  value  of  zero  to  a  top  val'it  of  tvlet 
the  average. 

Calculations  made  ''or  the  effect  of  plastic  action  Indicate  the 
follow^  results: 

(1)  Plastic  behavior  does  not  appreciably  affect  the  maximua 
dlsplaceownts  of  any  story  relative  to  ground. 

(2)  It  will  chsnge  accelerations  in  the  amt  way  as  for  a  aingla- 
dagree -of -freedom  system.  Therefore  Fig.  5C<^  uqt  be  used  for 
desipx  in  the  elasto -plastic  rsngt. 

The  above  commenta  aprl^'  -i.'tcher  the  plastic  behavior  of  the  frame 
is  due  to  yielding  ir  the  columrs  or  in  the  girders.  It  appesis  praf*  rable  to 
causa  yielding  to  occur  in  the  glrdera  rather  than  In  columns.  Eovervur-  *'.• 
yield  moments  st  the  ende  of  the  girders  x.:..tt  be  •uffii'^e-.t  V  .:ause  the 
appropriate  limit  deelgp  load  of  the  frmaa  to  be  reached. 

The  remarka  made  above  also  sg>ply  primarily  to  a  atrueture  in  vhlch 
the  lower  or  beae  columns  are  designed  to  be  of  shoot  the  smae  flexibility  es 
the  columns  in  the  first  story.  If  the  columns  are  hinged  at  the  footings^ 
and  if  they  are  about  half  as  long,  at  least,  as  the  distances  between  the 
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upper  flcrre,  tuis  condition  will  be  satisfied.  It  probably  will  be  satisfied 
even  if  the  colvunns  are  not  hinged,  but  then  higher  lateral  accelerations  can 
be  transmitted  to  the  first  floor,  and  this  may  not  be  satisfactory. 

(e)  Multi-Story  Buildings —Vertical  Direction.  In  the  vertical 
direction  tlie  situation  is  more  complex.  Qhe  high  frequency  of  the  building 
in-  the  vertical  direction,  partlcvilarly  in  the  ^vertical  oscillation  of  the 
colianns,  makes  it  possible  for  the  forces  to  be  transmitted  almost  directly 
vertically  through  the  building  to  the  beams.  The  beams  will  then  oscillate 
as  systems  having  a  frequency  corresponding  to  their  frequency  when  partly 
fixed  at  the  ends  or  simply  supported,  depending  upon  their  connections,  in 
accordance  with  their  own  mass  and  that  of  the  wel^t  which  they  carry.  The 
design  can  be  made  then  with  the  same  type  of  modification  of  the  spectrum  as 
used  for  the  horizontal  direction,  but  without  the  provision  for  a  dlstribu- 
tJon  of  shear  over  the  hel^t,  because  at  tlie  various  elevations  the  responses 
will  be  roughly  the  same. 

Because  the  blast  shock  in  the  vertical  direction  may  be  greater 
than  in  the  horizontal  direction,  there  may  be  a  necessity  for  investigating 
more  carefully  tiie  vertical  effects  on  the  building.  However,  some  brief 
study  of  this  problem  will  indicate  that  ordinarily  unless  the  design  accelera¬ 
tions  are  quite  large,  this  will  be  \inneces8ary. 

For  vertical  loads,  the  ordinary  design  condition  used  will  be 
approxianately  valid  at  dynamic  yielding  for  a  load  corresponding  to 

2.2(DULL)  (‘iC-13) 

in  which  DL  is  the  dead  load  magnitude  measured  in  terms  of  force  per  unit  of 
area,  end  LL  is  the  live  load  magnitude  measured  in  the  same  way.  The  factor 
2.2  comes  from  the  ratio  between  the  dynamic  yield  stiress  of  approximately 
44,000  psl  to  the  desl^  stresi  of  approximately  20,000  psi.  For  static  yield 
values  the  factor  woiild  be  only  I.65.  With  a  redistribution  of  moments  corre¬ 
sponding  to  limit  loading  conditions,  the  factor  may  be  increased  to  as  much 
as  2.:', 


For  a  vertical  acceleration  of  Ng,  the  design  miist  be  made  for  a 
downward  load  of  N  times  the  wel^it,  plxis  the  wei^t  itself,  or,  in  effect, 
a  load  as  follows: 


(N  +  l)(Da.  +  I=X)  (5C-14) 

in  which  FL  is  the  "fixed"  live  load  or  the  live  load  actually  5-n  •xlstcr'ce 
rather  than  the  design  live  load.  This  mi^ht  be  taken  as  a  sort  of  average 
value,  because  the  local  values  are  not  of  as  great  importance  in  deteralnlng 
the  stresses  as  the  average  over-all  value  that  actually  is  in  place  at  the 
time  of  the  shock. 

The  larger  of  these  two  relationships.,  in  Eq.  (5C-I3)  and  (50-14), 
governs  the  design.  If  the  fixed  live  load,  FL,  la  equal  to  the  design  live 
load,  IX,  then  in  order  for  the  dynamic  effect  to  govern,  the  critical 
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acceleration  factor  N  must  be  greatez-  than  1.2.  ftzt  in  general,  FL  is  less 
than  IJ.  and  N  must  be  even  larger.  Fbr  FX  »  0.5  IL,  and  Hi  ■  2DL,  \dilch  are 
reasonable  average  values^  then  the  static  design  corresponds  to  a  magnitude 
of  6.6  DL  and  the  dynamic  vertical  design  ’.rsiad  correayund  to  (W  +  l)  2  DL, 
in  which  case,  in  order  for  the  dynamic  vertical  dceiign  to  givern,  the  factor 
N  must  be  greater  than  2.3.  In  general  it  will  be  seen  that  only  in  rare 
circumstances  or  for  extremely  hi^  accelerations,  will  it  be  necessary  to 
take  into  account  the  vertical  dynamic  effect  if  tlie  design  Is  mode  under  the 
usual  static  reguir^ents  for  the  dead  load  and  live  load  effects. 

If  it  is  necessary  to  force  the  beams  to  go  into  the  plastic  range 
1.1  order  to  achieve  a  sufficient  degree  of  shock  isolation  for  the  equipment 
moimted  on  them,  it  does  not  appear  feasible  by  design  to  limit  the  super¬ 
imposed  vertical  accelerations  to  values  of  much  less  than  about  2  to  3  g* 
Further  reductions  can  be  achieved  only  by  spring  mounting  whole  floors  or 
by  separate  attention  to  the  equipment. 

Within  several  feet  (appro-:lmatAly  2  times  the  deptn  of  the  beam) 
from  the  supports  at  the  columns,  the  vertical  accelerations  are  not  appreci¬ 
ably  attenuated  by  the  elastic  or  plastic  flexibility  of  the  beam. .  Either 
invulnerable  equipment  must  be  used  near  the  columns,  equipment  placed  in 
these  regions  must  be  shock  mounted  separately,  or  the  entire  structure  must 
be  shock  mo\mted  for  vertical  motion,  to  limit  the  accelerations  near  the 
beam  supports. 

(f)  Shock  Mounting  of  Entire  Structure.  When  the  entire 
stmzcture  is  shock  mounted,  in  essence  the  system  is  suppozrted  on  a  spring 
interposed  between  the  base  and  the  first  mass  of  the  structure.  Fbr  hori¬ 
zontal  motions,  the  column  is  already  such  a  spring  and  probably  no  further 
springing  is  necessary.  For  vertical  motions  there  may  be  some  reason  to 
consider  additional  isolation.  In  either  case,  it  is  desirable  that  the 
fundamental  frequency  of  the  shock  mounted  structure  differ  by  at  least  a 
factor  of  l.U  or  more  (preferably  2),  from  the  frequency  of  the  stzMCture 
above  the  mounting,  consider,  d  as  on  a  fixed  base.  For  example,  a  vertical  fre¬ 
quency  of  the  entire  structure  of  2  or  2.5  cycles  per  sec.  will  not  cause 
resonance  with  the  beams  if  the  latter  have  a  fz’equenf’y  of  4  cps.  However, 
the  isolation  achieved  may  not  be  as  great  as  permitting  plastic  action  in 
the  beams. 


As  a  vezy  approximation,  the  effects  can  be  accounted  for  by 

use  of  Fig.  5C-6,  for  the  new  fundamer  .al  frequency  the  suock  mounted 
stznicture,  and  a  multiplication  factor  may  be  used  to  account  for  the  effect 
on  the  uppezTsost  mass.  Fbr  top  floor  for  lateral  motion  2.0,  arid  for  beams 
for  vertical  motion,  I.5  are  suggested  values.  However,  crxnputationr;  ure 
desirable  for  these  in  pazrticular  cases. 

(g)  Besponse  of  Light  Equipment  Mounted  on  Building  Frame 
Members.  The  situation  is  different  for  equlimient  than  for  the  building 
frame.  For  the  building  frame,  we  can  take  into  account  the  inelastic  energy 
absozptlon.  For  the  equipment,  it  may  not  be  possible  to  do  this.  Consequently 
the  actual  spectrum  values  as  given  in  Fig.  5C-6  may  have  to  be  used  for  the 
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deslgD  of  the  equipment,  unless  yielding  shock  mounts  or  other  expedients  ere 
\ised  to  cut  dovn  the  design  values.  In  general,  for  elastic  shock  mounts,  the 
Influence  is  rouc^ily  given  hy  a  change  in  the  frequency,  and  the  results  can 
he  obtained  by  a  shifting  to  the  lover  corresponding  frequency  on  the  shock 
spectrum  curve. 

Pbr  equipment  mounted  on  the  bottom  floor,  if  the  floor  is  supported 
directly  on  the  rock,  or  for  equipment  near  points  of  support  such  as  columns 
(for  vertical  mctlon),  the  equipment  will  be  subjected  to  the  same  Intensities 
of  input  motion  as  the  base,  and  the  response  spectrum  should  be  used  directly 
for  the  equipment.  Hovever,  if  the  equipment  is  mounted  on  interior  elements 
vhich  arc  themselves  flexible  or  idiich  may  become  plastic,  the  response 
spectrum  of  the  equipment  may  be  modified  because  the  equipment  base  is  nov 
subjected  to  a  revised  input  motion. 

Only  preliminary  studies  are  available  for  this  problem.  They 
indicate  that  for  frequencies  outside  the  range  xu  >diich  the  structure  or 
structural  element  becomes  plastic  tha  part  of  the  sti-iMture  >alch  acts  as  p 
base  for  the  equipment  responds  in  the  same  manner  as  if  the  structure  remained 
elastic.  Bovever,  this  norion  is  now  different  from  the  original  structural 
base  motion,  snd  the  response  spectrvei  of  the  equipment  is  thereby  affected. 

Some  data  from  submarine  shock  response  indicates  that  for  equipment 
mounted  on  bulkheads  and  partial  bulkheads,  the  response  spectrum  may  have 
ordinates  of  the  order  of  1.3  to  2  times  the  ordinates  for  the  parts  of  the 
hull  directly  subjected  to  shock  motion.  This  comes  about  because  of  the 
change  in  input  motion. 

At  the  present  time  it  is  not  possible  to  develop  a  completely 
rational  desiga  procedure  for  the  equipment  without  a  complete  analysis  of 
tha  system  consisting  of  the  structure  axkl  the  equipmtent.  It  is  i-ecconeoded 
therefore,  that  the  following  procedure  be  used  until  further  data  become 
available: 

(1)  Fbr  equipment  mounted  in  an  elastic  structure  not  coaqpletely 
shock  mounted,  design  the  equipment,  and  its  individual  shock 
munts  if  required,  for  the  basic  shock  spectna  for  vertical 
or  horisontal  motion. 

(2)  Tbr  equipment  mounted  in  a  structure  no'.  complr*eIy  shock 

mounted,  but  designed  to  become  plastic  in  such  a  way  that 
only  a  reduced  force  ccn  j^et  through  the  plastic  element, 
the  acceleration  transmitted  to  the  equipment  *lsoIrt,ed"  by 
the  plastic  element  cannot  exceed  that  correspond  .'•'g  to  the 
plastic  strength  of  thu  elaki*r. of  the  cirri' >  ...tich 

becomes  plastic.  In  other  words,  the  equipswnt  can  possibly 
be  deeigped  for  the  "design*  speetrvim  Inctead  of  tl.o  response 
spectrum,  ■overrer.  In  order  to  avoid  ateondary  effects,  it 
is  recoaMn&ed  that  tha  equipment  be  designed  for  twice  the 
"deel^*  epectnsi  but  not  for  e  value  exceeding  the  rteponee 
epee true. 
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(3)  For  a  completely  shock  mounted  structure,  further  complications 
arise,  and  additional  analysis  may  be  required.  Tentatively  it 
is  recommended  that  the  equipment  be  designed  for  tvice  the 
maximum  acceleration  which  the  entire  structure  sees,  and  for 
the  maximum  v-'loc'ty  and  maximum  displacement  in  the  structural 
response  spectrum.  However,  if  frequencies  of  the  equipment 
approach  tho  c  of  the  entire  shock  mounted  structure  resonance 
may  occur,  frequencies  between  1/2  and  2  times  those  of  the 
structure  must  be  avoided,  or  provision  made  for  tixem  by  con- 
6  iering  a  resonance  phenomenon  with  a  susoaineu  hemaonic  input. 
This  has  been  discussed  in  SECTION  5C.8(c). 

(h)  Problems  in  determining  Response  of  Heavy  Equipment.  The 
procedures  described  above  for  determining  the  respon^ae  of  light  equipment  are 
not  unreasonable,  altltou^^  in  some  circumstances  the  response  ma^'  ^  even 
greater  because  of  resonance.  One  should  avoid  particularly  a  frequency  of 
the  equipment  equal  to  the  frequency  of  the  neTn<*-r  cr.  vhi-h  it  is  ao\mted. 

Vfhen  the  equipment  is  heavy,  howevex',  there  is  a  feedback  T\>chanism  in  which 
the  response  is  less  than  it  would  be  by  the  methcas  described  above.  This 
problmn  is  under  study.  No  definitive  analytical  means  are  yet  available  for 
handling  the  problem  in  a  simple  fashion.  Coi.sequently,  11  is  recounended 
that  the  same  procedures  be  used  as  for  li^t  equipment,  ■iihou^.  it  is  recog- 
nlred  that  such  procedures  may  be  overconaervative .  In  special  casesj  an 
analysis  can  be  made  of  the  actual  system. 

(1)  Equipment  Vulnerability  and  Design  Recoianendations .  The 
determination  of  the  vulnerability  of  equipment  to  shock  is  a  very  difficult 
problem.  It  ia  not  aufficient  to  state  an  acceleration  limit,  as  the  frequency 
corrospchding  to  this  limit  la  alao  a  factor.  In  general  a  vulnaro>'ility 
apectnjB  can  be  drawn,  oa  a  function  of  aome  meaaure  of  frequency  of  the  input 
notion.  Ihia  will  have  peaka  at  the  natural  frequenciea  of  tbe  piece  of 
equipBMnt.  If  these  are  cloae  together,  poaalbly  a  uniform  acceleration 
vulnerability  may  be  poatulated,  althou^  this  probably  drops  down  for  low 
frequency  inputa. 

In  any  event,  the  vulnerability  ve  ore  concerned  with  ia  that  due 
eaaeotially  to  a  single  pulse  for  low  frequency  inputs,  or  to  several  pulaea 
for  high  frequency  inputa,  but  certainly  not  U.at  due  to  a  steady  state 
oscillatory  input.  In  any  case,  it  appears  that  we  need  not  be  generally  con¬ 
cerned  with  inputs  having  a  freqvjMncy  higher  than  about  13  to  20  epe  for 
vertical  motion,  except  uear  the  coluans,  and  about  epa,  e.-en  for  the  hl^^ast 
■ode  of  lateral  motion,  for  horlsontal  motion.  The  former  frequency  can  be 
reduced  if  the  bcaoui  are  redu\;eu  in  auction  neax  Uteir  ends,  or  supported  on 
the  longitudinal  girders. 

If  the  structural  deaigo  uoea  not  achieve  the  M.ceKo4ry  degree  of 
attenuation  of  acceleration,  then  the  equipment  may  be  shock  mounted,  or  the 
design  modified.  It  : ^  usually  cheaper  and  simpler  to  shock  BK:unt  the  equip¬ 
ment  except  in  very  :>p«clal  cases.  It  appears  entirely  feasible  to  limit  the 
shock  accelerations  experienced  by  equipment  to  about  2.3  g  for  vertical 
motion,  aul  possibly  about  I.3  g  for  horlsontal  motion,  by  appropriate  neasuret 


5C-17 


In  the  structural  design.  Any  further  reductions  can  be  achlctved  only  by 
unusual  methods,  and  require  more  detailed  study  and  analysis.  It  is  recom¬ 
mended  that  further  reductions.  If  needed,  be  obtained  by  Individually  shock 
mounting  vulnerable  pieces  of  equipment.  It  Is  not  clear  at  this  time  whether 
any  piece  of  equliment  Is  in  fact  sensitive  to  less  than  1.5  g  for  the  actual 
type  of  motion  to  which  It  will  be  su>  iceted.  It  Is  possible  that  hl^er 
frequency  steady  sinusoidal  motions  may  cause  damage  to  equipment  at  lower 
accelerations,  but  this  Is  not  pertinent  to  the  pixablera. 

In  order  to  reduce  some^diat  tJie  accelerations  near  the  columns, 
relatively  thin  energy  absorbing  pads  niuy  be  used.  These  will  not  achieve  a 
major  shock  isolation  effect,  but  they  will  be  of  help  in  keeping  hi£^  fre¬ 
quencies  from  being  transmitted  throu^^i  the  columns. 

(j)  Outline  of  General  Iheoretlcal  Approach  for  Multl-Degree- 
of -Freedom  Linear  Systems.  In  general,  the  analysis  for  a  multi-degree-of- 
freedom  system  subjected  to  blast  '■hock  can  be  mane  analytically  with  a 
procedure  ^Ich  involves  a  niunber  of  steps  as  follows. 

(1)  For  the  complex  system,  find  the  modes  and  frequencies.  For 
each  mode  find  the  stress  at  the  point  considered  or  the  quan¬ 
tity  at  the  point  idilch  Is  desired. 

(2)  If  the  system  Is  one  which  is  subjected  only  to  base  motion, 
find  the  excitation  coefficient  for  each  mode.  This  Is  defined 
as  tlie  expansion  of  a  unit  deflection  of  all  the  masses,  In 
the  direction  of  the  base  motion,  into  a  series  of  modal  de¬ 
flection  shapes.  The  excltallon  coefficient  Is  the  coefficient 
of  the  particular  modal  shape  In  this  expansion.  For  other 
kinds  of  Input  motion,  the  excitation  coefficients  have  to  be 
defined  in  a  different  fashion.  This  Is  not  discussed  here. 

(5)  Now  determine  the  response  spectrum  for  the  quantity  desired 
for  a  single -degree -of -freedom  system. 

(^)  The  modal  response  is  then  determined  as  the  product  of  the 
stress  or  particular  response  In  each  mode,  times  the  excita¬ 
tion  coefficient  for  that  mode,  tiroes  the  response  spectrum 
value  for  the  frequency  of  the  mode. 

(5}  The  maximum  response  of  the  system  for  the  particular  response 
queuitlty  that  Is  '^esi.'cu  is  less  than  the  sum  of  the  medal 
maxima. 

(6)  For  a  system  with  several  dcgjees  of  rror'Ic*!?.,  u  is  actual 
maximum  response  will  not  ordinarily  exceed  greatly  the  square 
root  of  the  sums  of  the  squares  of  the  modal  reaponaes.  Even 
In  a  two-degree-of-freedoffi  system  the  excess  will  be  less  than 
thirty  percent.  Consequently,  the  root  mean  square  value  can 
be  used  as  a  design  basis  rather  than  the  sum  of  the  nodal 
maxima,  particularly  ^ere  the  number  of  modes  Is  three  or 
greater. 
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ISSIGN  SHOCK  SPECTRUM  BOUMHS 
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FIG.  5C-7  SIMPLE  MASS-SPRING  SYSTEM 


FIG.  5C-0  FORCE- DEFLECTION  RELATION  FOR  PPR 


FIG.  5C-9  ACCEUERATION  CORRESPONDING  TO  DESIGN 
FORCE  DISTRIBUTION  OVER  HEIGHT  OF 
BUILDING  FRAME 
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5D.1  GEHERAL  PBOCXSURBS  FOR  DSTIAIClC  AHALTSIS 

Ibe  procedure  for  dynamic  analysla  deacrllied  herein  la  a  almpllfled 
and  rapid  procedure  for  detexulnlrg  the  relationahlpa  hetveen  the  peak  dynaailc 
force  applied  to  a  atructurc  or  etructural  element,  the  realatance  of  the 
element,  the  effective  duration  of  the  force,  the  period  of  vibration  of  the 
element,  and  the  ratio  of  the  maximum  deflection  of  the  element  to  the  yield 
deflection.  It  la  believed  that  the  procedure  described  herein,  althou^  It 
may  Involve  Inaccuraclea  of  the  order  of  20  to  2^  percent  In  amie  caaea,  le 
aufflclently  accurate  for  all  practical  purpoaea  because  the  paraneters 
entering  Into  the  problem  are  not  accurately  determinable.  Even  a  much  more 
exact  analyals  by  procedures  lAilch  Involve  analytical  Inaccuracy  could  not 
ordinarily  reduce  the  \incertalnty  belcv  a  value  pezhapa  even  greater  than 
2^  percent  because  of  the  lack  of  definite  knovlodge  In  advance  concerning  the 
bleat  pressure  for  a  given  distance  from  a  given  energy  of  explosive,  the 
duration  of  the  blast  vave,  the  structural  parameters,  aud  because  of  the 
general  complexity  of  the  problem. 

For  unuaiial  cases,  an  analysis  may  be  mede  using  nuaerleal  methods 
adopting  the  procedures  described  In  Refs.  5I>~1  and  Sxeae  aetboda  ere 

generally  tedious  and  tlme-conaualng. 

Dm  aethod  of  analysis  described  herein  re«iulree  a  description  -'f 
the  loedlng-tlmw  curve  on  the  structure,  a  knovledge  of  the  struc*'ural 
resistance,  the  ehape  of  the  reslatenee*defleetlon  curve  for  the  structure 
and  especially  a  characterisation  of  it  by  a  ductility  parameter  givlnf  the 
pemlaelble  maxlmuB  deflection  in  relationship  to  the  yleld-point  deflectloa 
of  the  structure,  and  a  measure  of  the  period  of  vibration  In  the  "elastic 
range”  of  the  structure.  Ihese  Individual  Items  are  described  In  the  fUl- 
loving  paragraphe  and  finally  the  s*^*^*^  dynamical  relationahlpa  betvaau 
these  quautlliee  ere  given  aad  a  chart  Is  presented  by  ehlch  one  can  make 
ranld  determinations  of  the  peak  loading  required  to  produce  a  given  dynamic 
deflection. 

!Dm  methods  described  have  been  presented  in  previous  publications, 
Refs.  $IK1  end  Ibey  are  swmarlsed  here  fur  convenience,  vlth  some 

elaboration  of  the  more  complex  per^s  of  the  procedure.  Other  general 
methoda  are  deeerlbn^  in  Refs.  50-5,  and 


^.2  lAADIRQ 

leadings  oa  aboveground  aad  belovgrouod  structures  differ  very 
markedly  in  character.  Oa  an  abovegrotstd  vail  ■**>'*■*£  an  angle  of  bO  degrees 
or  less  vlth  the  shock  front  of  the  blest  vmve,  the  peek  force  acting  oa 
the  structure  la  equal  to  the  reflected  overpressure  vhieb  is  somsthlng 
betveea  2  and  6  tlsms  the  peak  slde^ou  overpressure.  9m  relation  betwsea 
these  tvo  la  given  by  the  foUovimg  equation. 


(51>-1) 
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Xn  thl.  equation  1.  tbe  peak  reflected  overpree.ure, 
p  1.  tbe  peak  alde-on  oYerprea.ure, 


la  tbe  asblent  atmospheric  pressure. 


'Ihe  reflected  overpressure  decays  rapidly  to  a  value  corresponding  to  tha 
slde-oo  overpressure  pliis  some  proportion  of  tbe  so>callsd  drag  pressure  or 
dynaalc  pressure.  In  a  ttae  called  the  "clearing*  time.  A  discussion  of  drag 
or  dynasdc  pressures  is  presented  in  connection  with  Iq.  The  clearing 

tlae  la  a  function  of  the  distance  fron  tbe  stagoatlon  point  to  tbe  nearest 
edge .  Ihs  stagnation  point  generally  Is  that  i«lnt  f*«rthest  frosi  all  edges 
of  the  surface  under  consideration.  In  ^«ras  of  this  shortest  distance,  8, 
the  clearing  time  t^  Is  given  by  tbe  relation: 


tg  •  38/U 


(5D-2) 


vtaere  U  ■  velocity  of  ahock  front.  After  tbe  dftarlng  tlae  ttae  pressure  decays 
vltb  tbe  decay  In  slds-on  overpressure  and  dynaalc  pressure  to  aero  In  an 
effective  duration  t>.  The  effective  duration  of  the  slde-on  pressure  is  less 
than  the  positive  pt&e  length  of  tbe  blast  overpressure  but  tbe  exact  value 
does  not  natter  greatly  except  In  unusual  cases.  For  overpressures  below 
about  30  pal  tbe  duratlim  nay  be  taken  as  three -qiuarters  tbe  positive  pbase 
length.  The  effective  duration  of  the  drag  pressure  Is  roughly  half  as  long 
(See  Iq.  (3D>6)].  For  higher  overpressures  t .  «y  be  considered  to  be  given 
by  ttae  feilowi^  equation  for  tbe  duration  of  u  equivalent  triangular  igpulse: 


tj^  •  O.kO  sec.  (- 


(50-3) 


where  W  equals  yield  of  boob  in  eegstoos. 

The  not  force  on  the  front  wall  of  the  structure  is  given  in 
Fig.  51>*1*  It  oan  be  apprexiaatsd  by  three  triaogul'T  press«'re«tins  curves. 
The  snail  upper  part  can  senstinss  be  considsreed  as  a  separate  ispulse  added 
to  a  longer  duration  triangle.  TKlc  true  if  tha  eleering  tins  is 
relatively  ahert  In  cot^ariaon  with  the  period  of  vibratioo  of  the  a' laeat. 
Msthola  are  given  in  this  eppendix  for  dealing  with  the  nare  grterai  case 
where  the  clearing  tine  Is  net  short  In  cc«.)ariseD  with  t.V  p. .  ^ed  or  the 
structure. 


The  net  traaaletieoal  force  on  the  etrueture  la  nsre  complex.  One 
must  coealder  a  leading  en  tha  rear  af  the  atrueture  which  starts  at  a  tins 
sorraaponling  to  tbe  travel  tins  over  tha  length  of  the  atrueture,  and  which 
incraaaae  in  a  tins  iatarval  af  38/U  to  a  nagnltude  equal  to  the  sidS'On 
ovexpreaeure  ntnna  the  drag  coafflcimit  wo  the  rear  face  tleea  the  dynanie 
preesiua.  A  diagran  ef  theae  preeeurae  ia  shewn  in  Fig.  3I>-8.  the  difference 
between  the  preemre  eurvas  forward  in  Fig.  50-1  ead  rearward  in  Fig.  5h>2 


gives  the  net  translational  force  on  the  structure.  In  many  cases  this  can 
be  ePPZ^I^ted  by  a  single  triangle  having  a  peak  magnitude  equal  to 
reflected  pressure  on  the  front  face  and  a  duration  given  by  Eq,  (5D-4): 


*  L-t-5S 
“  U  +  5S/t^^ 


(5D-Jv) 


In  this  equation  L  is  the  length  of  the  building,  and  if  L  13  less  than  S  the 
nunerator  in  to  l>e  taken  as  ItS.  If  L  Is  greater  than  the  numerator  is  to 
be  taken  as  63.  In  the  denominator,  if  the  second  term,  3S/t^,  is  greater 
than  u/3,  the  denominator  Is  to  be  taken  es  4u/3. 

Ihe  roof  slab  mt^  be  considered  to  be  exposed  to  the  slde^on  over- 
pressure  only;  or  If  desired  a  rise  time  for  effective  loading  may  be 
considered. 


Tbr  an  open  structure  vlth  only  beams,  columns,  trucses,  or  o-^her 
members  vlth  only  small  areas  opposing  the  blast,  each  of  the  members  receives 
a  small  Impul'lve  loading  as  the  blast  engulfs  it  and  each  member  Is  then 
exposed  to  drag  from  the  wind  accomparylng  the  blast,  because  the  blast  Is 
transmitted  throxi^  the  building  In  a  'Inlte  time,  Uie>.  net  translational  force 
Increases  until  all  or  nearly  all  the  building  la  engulied.  Bovever,  the 
.^mpulae  fr<»  the  diffraction  around  each  member  produces  a  spike  on  the  let 
force  dlagrmB  aa  the  blast  reaches  that  particular  member,  of  a  type  similar 
to  the  force  diagram  on  a  rectangular  building  described  idtove.  Unless  the 
building  is  extremely  brittle  and  falls  without  plastic  deformation,  It  i.s 
rsasonahjy  accurate  to  consider  that  the  building  la  subjected  only  to  drag, 
neglecting  the  Individual  impulse  spikes,  and  to  aasvme  the  .bole  build¬ 
ing  is  engulfed  at  one  time  and  is  subjected  to  a  trangular  fovea  varying  fiom 
a  maxianmi  equal  to  the  drag  coefficient  for  the  Itene  in  the  building  times 
the  dynamic  pressure,  a3.;ing  on  the  net  drag  area,  and  varying  to  zero  in  a 
lime  equal  to  the  effective  duration  of  the  dreg  force,  'ibe  latter  la  approxi¬ 
mately  one -half  the  affective  duration  of  the  side -on  overpressure. 

n>e  peak  drag  or  dynamic  pressure  moy  be  computed  by  the  foUovlng 

equation: 


Pd 
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(5D-3) 


iiovrver,  in  01  high  thermal  effect  on  the  ground  «urf«.ce  Iras 

preec'jure  may  actually  bo  3  or  4  times  aa  great  ae  is  giv^u  \  thii  .elation. 

Ihe  drag  cocfflclenta  to  be  uacd  should  take  into  fxcount  the 
shielding  of  elaaenta  by  others  placed  a  abort  diatanca  avay.  Bovever,  if 
the  diatanca  bttwaan  parallel  elamente  is  more  than  ten  times  their  width 
the  ahleld^jog  Is  negligible.  llecoHModed  values  of  drag  coefficients  to  be 
used  are  shout  e  for  structural  shapes,  about  I.3  for  box -shaped  elements 
of  for  flat  platae,  and  about  0.6  for  short  cylindars,  decreasing  to  O.3  for 


long  cylinders.  Hovever,  for  high  velocities  or  for  overpressures  greater 
than  60  psi  the  drag  coefficients  for  all  sections  probably  should  be  taken 

as  1.3* 


The  effective  duration  of  the  drag  pressure  is  given  by  the  follow¬ 
ing  equation: 


0.l8  sec 
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(3D-6) 


For  undergro  d  structures  data  Indicate  that  probably  no  significant 
reflections  occur  •ttoen  che  pressure  wave  In  the  soil  engulfs  the  structure. 
However,  the  pressure  loading  on  the  structure  differs  from  the  free-fleld 
stresses  because  of  arching  effects.  !Ihe  deslg;\  loads  for  this  class  of 
structures  may  be  determined  in  a''''ordance  with  the  procedure.*  given  in 
SECTION  3 *5  concerning  loadings  on  tunnel  type  stnicxures. 

In  general,  the  loading  Is  then  described  as  a  pressure-time  dlagrra 
\diere  the  peak  force  on  the  structure  is  defined,  and  the  variation  of  force 
with  tJjne  assuiaes  a  shape  which  can  usually  be  approximated  by  several  strale^t 
lines  forming  a  polygon  usually  concave  upward,  as  in  Fig.  3D*1*  In  most  cases, 
only  two  8tral|^t-llne  parts  are  necessary,  with  the  provision  that  it  is 
desirable  to  maintain  the  actual  value  of  the  total  peak  overpressure  and  the 
area  under  the  curve  should  be  preserved  rou^ly  to  the  point  where  the  first 
triangle  ends,  and  the  secoM  triangle  should  Include  all  of  the  remainder  of 
the  impulsive  force  transmitted. 


3D.  3  STRUCTURAL  RESISTANCE 

The  relatlcD  between  load  and  defo.matlon  or  between  resistance  and 
deflection  of  a  structure  or  structural  element  may  take  any  of  a  number  of 
forms.  It  is  convenient  to  define  the  structural  riislstance  R  in  the  same 
texma  and  in  the  same  unite  as  the  external  loading  p.  Then  the  relation 
between  R  and  the  deflection  x  may  be  taken  as  in  Fig.  3D-3  where  there  is  an 
Initial  elastic  part  and  an  inelastic  part  with  rougiily  a  xuilform  resistance 
after  yielding.  The  cu:i;ve  shown  can  usually  be  e  proxlmated  by  an  elasto- 
plastlc  curve  consisting  of  an  initial  straight  line  lOt  necessarily  the  same 
as  the  actual  initial  atraic^t-llne  part,  and  a  horizontal  second  part  idilch 
preser.'es  the  total  area  under  thd  given  cur«e  and  also  the  area  at  ox  near 
the  yield  value  for  the  approximating  uur/e.  The  elasto-plaeilc  cur.>e  Is 
characterized  by  th  ee  parameters;  namely,  the  yield  reBlstac''e  tbe  yield 
dlsplacamant  Xy,  and  the  aaklmim  dlaplacemexu  which  equsj.  t&  the  quantity 
where  h  la  the  ductility  factor  for  the  atructux'c.  It  ahoiC.d  be  noted 
that  the  yield  deflection  la  not  the  actual  value  at  which  yielding  begins, 
but  a  sort  of  effective  or  equivalent  value,  if  the  true  load  deflection 
relationship  la  not  an  elasto -plastic  one. 

Values  of  yield  resiatancea  for  various  structural  types  are  sum* 
aarlzed  in  AFFSNDIX  3B. 


5D.4  8XRDCXURAL  WCTJLm 


The  ductility  factor  tor  various  structures  ranges  from  slljhtly 
greater  than  one  for  brittle  structtxres  to  valtMs  of  the  order  of  20  to  30  for 
very  ductile  structures.  In  B<»te  eases  It  can  be  even  higher.  Hovever,  unless 
the  load  duration  Is  extremely  short,  as.  It  would  be  In  the  case  of  hl^  ex¬ 
plosive  bombs,  It  makes  very  little  difference  ^at  the  ductUlly  factor  Is  so 
long  as  it  is  greater  than  something  In  the  range  of  about  3  to  3.  In  any  case. 
If  one  car  make  an  estimate  of  tlie  ductility  ^ich  ozie  wishes  to  mobilize,  he 
can  use  the  actual  figures  In  the  relationships  In  the  charts  givm  In  this 
section. 


It  is  reconmended  that  a  vai\xe  of  ^  b  1.3  be  taken  for  relatively 
brittle  structures  because  there  Is  practically  no  structure  idilch  does  not 
have  some  Inelsatlc  deformation  even  up  to  the  point  of  so-called  yielding. 
lOr  moderately  brittle  structures  u  can  be  taken  in  the  range  f^m  about  2 
to  3>  for  the  majority  of  ductile  structures  about  4  to  6,  and  for  quite 
ductile  structiires  4  can  be  taken  In  the  range  from  10  to  20.  In  general  for 
reinforced  concrete  structures  or  for  steel  structures,  the  ductility  factor 
for  members  In  bending  Is  less  for  deep  members  than  for  shallow  manbers,  and 
In  reinforced  concrete  In  partlciilar  It  Is  less  for  heavily  reinforced  members 
than  for  lightly  reinforced  members.  The  ductility  factor  for  conipresslon 
members  should  be  taken  In  the  brittle  range,  luanely  about  1.3* 


30.3  PERIOD  OF  VIBEIATION 

Ve  are  concerned  with  the  vibration  of  a  stmeture  In  r  mode  moat 
nearly  like  that  ^Ich  corresponds  to  the  shape  In  which  It  fails.  For  unlfozli 
loading  corresponding  to  blast  loadixig  this  Is  generally  about  the  some  as  the 
fundamental  mode  of  vibration  of  a  complex  structure.  In  those  instances  where 
It  Is  not,  one  can  make  en  estimate  of  the  period  of  vibration  In  the  mode 
corresponding  to  the  configuration  as  It  approaches  failure,  by  using  methods 
similar  to  Rayleigh's  method. 

A  simple  procedure  idiich  one  con  adopt  to  detezmine  the  first  mode 
is  to  assume  the  deflected  shape  of  the  structure  as  It  looks  when  approaching 
failure,  take  Inertia  forces  proportional  to  the  masses  at  the  various  points 
of  deflection  of  the  structure  multiplied  by  the  square  of  the  circtilar  fre¬ 
quency  of  vibration  and  by  the  deflection  in  the  assumed  mode  shape,  and  apply 
these  inertia  forces  to  the  ntru'^tvre  assuming  it  to  have  no  mass.  The  de¬ 
flection  of  the  structiure  Is  then  coaqputed,  and  the  deviected  shspc  will  In 
general  be  different  fztmi  the  shape  assumed.  The  value  of  the  circular 
frequency  which  makes  the  assumed  shapA  most  near2,y  ecital  i  .-  Ihe  uerlved  shspe 
Is  that  idilch  shoxild  be  \ised  In  computing  the  natxural  period  of  vibration. 

One  obtedns  frcxn  this  procedure  the  sqxiare  of  the  circular  frequency,  from 
which  the  circular  frequency  can  be  derived,  and  the  period  Is  obtained  from 
the  circular  frequency  w  by  the  relationship 

T  ■  2»/w 


(51>-7) 


In  idlleh  T  !•  the  period  of  Tltoetion.  Ihe  eene  proeediore  he  need  to 
fine  the  next  hli^er  modee^  If  the  earlier  node  components  ere  subtreeted 
out.  A  aK»re  general  approach  for  multl«degree-of •freedom  systems  Is  glren 
la  SKIIQir  5C.8(j). 

In  general  the  calculation  for  the  natural  period  vlU  correspond  to 
the  Initial  stral^t-llne  part  of  the  actual  load  deflection  curve  for  the 
structure.  In  order  to  be  accurate  ve  should  use  the  period  corresponding  to 
the  stlflhesQ  of  the  equivalent  elasto^plastic  structure  as  defined  hy  the 
approximating  Initial  straic^t-llne  part  in  Fig.  Oie  effective  period 

to  he  used  in  further  calculations  is  obtained  the  period  for  the  Initial 
elastic  stage  by  dividing  the  latter  by  the  square  root  of  the  ratio  of  the 
slope  of  the  equivalent  elastic  resistance  to  the  slope  of  the  initial  elastic 
resistance.  Xn  other  vords^  the  equivalent  elastic  resistance  has  a  slope 
vhich  is  smaller  than  that  for  the  initial  elastic  resistance,  or  the  structure 
has  a  effective  modulus  tbxi  In  the  initial  elastic  ?tate.  Vhen  ue 

divide  the  Initial  elastic  period  by  the  square  root  of  a  ratio  less  than  one 
ve  obtain  a  larger  nvnber  vhich  indicates  that  the  effective  period  for  the 
effective  elasto-plastlc  resistance  curve  is  longer  than  the  period  correspond¬ 
ing  to  the  initial  slope  of  the  resistance  curve. 

Estimates  of  the  equivalent  period  of  vibration  for  a  number  of 
different  types  of  structures  are  given  in  APFEKDIX  as  a  function  of  the 
dimensions  and  masses  of  the  structural  elements. 


5]).6  GENERAL  IVHAMIC  RELAIIOES 


With  the  slnplifications  outlined  in  the  preceding  sections,  the 
structure  is  essentially  reduced  to  an  equivaleut  simple  one -degree -of -fkvedom 
system.  Solutions  fpr  such  systems  have  been  pbtainel  fOr  a  mnber  of  ‘^rp^s 
of  loading  for  various  kinds  of  resistance  ciunres.  A  almple  chart  vhlch  gives 
the  relationships  among  the  various  parameters  is  shovn  in  Fig.  ^D-^.  Ihis 
gives  the  relations  aiBong  the  following  four  quantities: 


XjJxv  or  ductility  factor,  tdilch  is  "hovn  on  the  scale  on  the  left- 
hand  side  of  toe  figure. 

t^/T  or  the  ratio  of  the  duration  of  a  trl  oigular  *.oad  pulae  to  the 
effective  period  of  the  structure,  shovn  as  the  abscissa. 

VjJqy  equals  the  ratio  of  the  peak  dynamic  force  applied  to  the 
structure  to  the  effective  yield  point  resistance  of  the  structure  or  strac- 
tursJL  element.  Lines  of  equal  values  for  this  ratio  txz  snovu  by  the  lines 
idileh  slope  generally  diagonally  up  and  to  the  ric^t  of  the  figure. 


ta/T  or  the  ratio  of  the  time  at  vhlch  maximum  deflection  la  reached 
to  the  natural  effective  period  of  vibration.  Ihese  are  shovn  "by  the  dotted 
lines  sloping  generally  dovn  and  to  the  rl^t  on  the  figure. 

In  general,  for  design  puxposes  the  value  of  the  ductin'^  factor 
and  the  relative  duration  can  be  estimated,  and  the  value  of  the  ratio  of  the 


peak  dynamic  force  to  the  yield  point  reaiatance  ia  detemined  from  the  chart. 
Ihen  if  the  peak  dynamic  force  is  given,  the  yield-point  resistance  can  be 
deteznined  or  if  the  yield-point  resistance  ia  given  the  peak  dynamic  force 
can  be  determined.  Zn  either  case,  the  duration  or  the  period  of  vibration 
may  not  be  knovn  xmtil  the  other  quantities  are  determined,  but  by  a  recalcu¬ 
lation  and  a  re-uae  of  the  chart,  one  can  finally  c(»ae  up  with  the  necessary 
result. 


It  may  be  of  interest  to  determine  the  time  at  vhich  yielding  begins. 
This  ia  given  by 

ty/T  -0.23  ^qy/Pj^  (5D-8) 

In  this  equation  t  is  the  time  at  -which  yielding  starta.  Equation  1« 

valid  if  the  effective  dirratlon  of  the  appl^^  pj^ssure  is  greater  than  t  . 

Tot  more  cooqplex  loading  curves,  it  still  pcosible  to  xiae  the 
chart  in  Fig.  ^D-3  vl-th  a  reasonably  accurate  degree  of  approximation  by  the 
foUovlng  procedure. 


Let  us  assme  ve  have  a  loading  curve  of  the  form  given  in  Fig. 
yherOf  for  convenience,  only  three  separate  triangular  elements  are  considered 
in  the  loading  curve.  Ibre  or  fever  can  be  -treated  in  exactly  the  ssate  vsy. 
Fbr  each  elementary  triangle  ve  have  a  partial  loading  p.,  ^2*  Ty  ^  can 
designate  the  general  expression  as  p^.  For  each  triangle  ve  also  ^e  the 
duration,  vl-th  a  corresponding  subscript,  ti,  tg#  or  ti,  or  for  the  general 
cade  tji.  It  is  assumed  that  the  value  of  the  effective  period  of  vibration  of 
the  structure,  T,  and  the  ductility  factor,  u,  are  knovn.  It  is  required  to 
detemine  the  required  yield  resistance  qy.  We  proceed  as  fcllovs: 


For  any  component  of  loading,  hsvlng  a  duration  tj^,  use  the  chart 
to  determine  for  the  gi-ven  period  of  vibration  and  the  duct-lllty  factor 
desired  the  ratio  of  p_  to  Let  -this  quantity  be  denoted  by  the  synftwl  F^. 
For  -the  diagram  in  Rg.  ve  vill  have  determined  values  of  I2.1 

Fg;  and  Fz.  These  vill  be  de-tezmlned  for  -the  same  ductility  factor  and  same 
period  or  vibration,  of  course.  We  nov  apply  the  general  ^pproxina-te 
relationship: 

Z  »  1  (5D-9) 


In  the  case  of  three  ccmiponent  loadings  this  reduces  -to 

U  ^2  '3 

If  -we  multiply  bo-th  sides  of  the  latter  equation  by  qy  ve  obtadLn  the  result: 

(511-10) 


»  ▼  am  ▼  » 
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^  “  F  ^  F  ^  F, 
^  1  2  3 


In  the  general  east 


)n  given  ty 

-IPn/^nJ  (5D-11) 


Ab  an  llltt8tx«tloii  of  the  procedure  let  us  consider  a  situation  idiere 
ve  have  a  loading  diagran  In  vhleh  ve  have  only  two  conponents,  vhere  Is 
80  psl  and  Po  la  20  psl.  Let  us  take  tj^  as  0*10  see.  and  to  as  1.00  sec.«  and 
the  period  of  vibration  T  as  0.20  see.  Let  us  asstne  a  ductin'^  factor  of 
!Ihen  since  the  first  duration  is  only  half  the  period  of  vibration,  ve  find 
frcun  the  chart  In  fig.  ^D-5  e  value  of  F.  of  1.75;  end  for  Fo  a  value  of  0*90, 
since  the  ratio  of  this  duration  to  the  j^riod  of  vibration  is  5*0.  Shea  by 
use  of  Eq.  (5L-II)  ve  find  the  foUovlng  result: 


«  J£L  X  -SL 

V  “  1.75  0.90 


H5.8  ■►22.2 


68  rsl 


She  required  yield-point  resistance  is  68  psl.  It  vill  be  noted  that  If  the 
entire  initial  overpressure  of  100  psl  had  been  applied  over  a  period  of  tlae 
of  0.10  sec.,  the  yield-point  resistance  heeded  would  have  been  57  P>1  instead 
of  68  psl.  On  the  other  hand,  if  the  entire  100  psl  had  an  effective  duratlcm 
of  1  sec.,  the  yield -point  resistance  needed  would  have  been  111  psl.  Ihle  Is 
considerably  greater  than  the  value  of  66  psl  required  for  the  actual  Loading. 


If  we  had  been  designing  the  structure,  unless  we  were  able  to  Bake 
a  fairly  good  guess  initially,  ve  would  have  had  to  reconpute  the  period  of 
vibration  corresponding  to  the  new  design  value  of  the  yield  point.  We  would 
then  repeat  the  calculations  until  ve  find  sooethlng  that  checks  our  asjuaed 
period  of  vibration. 
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Vhen  any  structure  is  loaded,  and  it  reaches  a  maxinua  deflection.  It 
has  energy  stored  in  it  and  tenda  to  deflect  backvard,  or  in  the  opposite 
direction.  This  tendency  exists  even  in  the  cnse  ^en  there  is  still  sane 
forvard  loedlng  action  on  the  structure  at  the  time  it  reaches  Its  nexiauB 
deflection.  In  general,  the  rebound  is  elastic  althou£^  in  the  ease  of  a  re¬ 
inforced  concrete  structure,  if  the  rebouz»i  is  very  larje  and  sufficient  rebound 
steel  is  not  provided,  there  nay  be  an  inelastic  part  of  the  rebound  cuzre.  It 
is  conservative  to  design  on  the  basis  of  ba  elastic  rebound  situetion.  If  this 
is  done,  one  can  detemine  the  required  rebound  resistance,  in  terais  of  the 
design  yield-point  resistance  for  the  forward  direction.  A  chart  t^ving  the 
ratio  of  the  rebcxmd  resistance  r,  in  relaticnjhip  to  the  yield  . oslstance  a  , 
is  given  in  Fig.  5D-6.  It  shoxild  be  noted  that  for  short  duration  loadings^ 
relative  to  the  period  of  vibration  of  the  structure,  the  ratio  of  rebound 
resistance  to  yield  resistance  is  -1.0  idiich  means  that  there  la  a  full  100  per¬ 
cent  rebound.  For  long  duration  loadings/  the  ratio  drops. 

Consider  for  exanqple  the  situation  vhere  the  ratio  of  loading  to 
period  is  5*0  and  the  ductility  factor  is  5*0.  From  the  curve,  by  interpolating 
between  the  lines,  one  finds  a  required  rebound  resistance  of  -O.55  tlaeo  the 


yield  resistance.  Ibis  means  that  in  this  case  a  rebound  reaction  of  55  percent 
of  the  yield  value  is  necessary  and  reinforcement  in  a  cmevete  member  of  the 
order  of  35  percent  of  the  positive  reinforcement  would  be  required  for  rebound. 

The  rebound  values  given  in  the  chart  in  Fig.  5D-6  nay  be  somewhat 
conservative  because  of  the  neglect  of  loss  of  energy  due  to  ana  also 

because  of  the  fact  that  the  curves  are  computed  for  the  maximum  rebound  re¬ 
action  assuming  the  most  unfavorable  duration  in  those  instances  where  a  slight 
variation  in  duration  would  make  a  difference  in  the  required  rebound  force. 

The  assuaqptlon  of  no  damping  is  perhaps  the  most  serious  one.  The  maximum 
reboimd  occurs  very  late  in  the  loading  curve  or  after  the  loading  has  been 
applied,  in  the  free  vibration  period  following  it.  Consequently,  there  may  be 
rneuay  oscillations  with  consequent  loss  in  vibratory  energy,  before  the  naxinum 
rebound  is  developed.  However,  in  the  absence  of  more  definitive  information. 

It  is  recomnended  that  provision  be  made  for  the  rebound  forces  shown  in 
Fig.  5D-6.  Of  course,  the  dead  lead  and  superimposed  masses  acting  on  a  struc¬ 
ture  can  reduce  the  required  reouund  resistance  since  these  forces  may  act  only 
in  the  forward  direction.  Reboxmd  resistance  mist  be  provided  in  the  memiber 
Itself  as  well  as  in  hold-down  lugs  or  other  appurteafmees  at  the  reactions. 
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UmSDTX  5S.  eEOLDZRQ  CRUERIA  FOB  GAMIA  RADIATION  FROM  FAUiOUT 


3E.1  INIBCDUCTION 

Although  the  prinaxy  anphaals  In  this  Review  Guide  has  been  given  to  tbs 
resistance  of  the  lostedlate  effects  of  blast  and  radiation^  there  Is  nevertheless 
a  very  real  hazard  to  personnel  from  the  gamma  radiation  caused  by  fallout. 

Fallout  can  occur  over  vide  areas  and  can  last  for  several  days.  A  locality 
which  escapes  the  Immediate  effects  of  blast  and  radlati^m  may  yet  receive  a 
?''  thal  rain  of  fallout  particles.  It  Is  conceivable,  therefore,  that  in  the 
p:i  jparatlon  ox  review  of  Protective  Construction  planning  one  nay  wish  to 
evaluate  a  structure  in  Its  effectiveness  for  fallout  shielding- 

Several  procedures  lor  shelter  evalUttllon  arc  ava  lable:  CBR  EK-LllO; 
TP'PL-d;  and  the  one  discussed  herein,  taaen  fron  T&cf.  17,  vlU  be 

referred  to  as  the  OCIM  Manual.  Ihe  OCTM  Manual  is  selected  for  discussion 
because  It  Is  the  recent  revision  of  the  material  presented  in  the  original 
Protective  Construction  Review  Guide;  and  because  It  Is  a  relatively  slo^le  but 
still  soxind  approach. 

‘ilte  reader  nay  prefer  one  of  the  other  manuals  from  experience,  or  he 
may  wish  to  compare  results  from  more  than  one.  There  are  al^ilflcant  dif- 
fereacer  maong  these  sources  concerning  the  energy  of  fallout  and  corresponding 
shielding  effectiveness  of  various  construction  materials.  Mo  attempt  la  made 
herein  to  resolve  these  differences  nor  to  Judge  the  re.atlve  accuracy  or  cor¬ 
rectness  01*  any  given  procedure.  In  view  of  the  major  variables  In.olved  in 
the  assumed  fission  yields,  ground  zero,  and  vlnd  and  time  facto: a  In  a  fallout 
ahelUr  analysis,  and  conaldaring  the  fact  that  a  change  In  aheitariag  tech¬ 
niques  equivalent  to  only  two  Inches  of  concrete  cheagss  the  attenuation  by  a 
factor  of  approximately  two,  the  quantitative  differences  in  the  results  of  tha 
vmrlouo  matheds  listed  above  are  not  eonaldered  critical  for  tuc  purposes  of 
this  doc\aMnt. 


5B.2  COlBniRATIOH  OF  FALLOUT 

Fi«m  SKTIOR  2  ona  can  predict  the  total  'si lout  ^.ama  dosage  to  be 
expected  for  a  situation  with  a  apeclfic  sat  of  weapon  end  etructure  paremetera. 
From  SKTIOf  the  dosage  toler*-nre..  jo:  prra’'nncl  ''an  be  determined.  Oomparlson 
of  the  expected  dosage  and  the  "taximua  dosege  which  can  be  toleraUid  eivee  a 
measure  of  the  sheltering  or  shielding  required. 

In  the  case  of  completely  buried,  undergrcjnd  facilities  It  is  usually 
sufficient  to  use  a  curve  euch  aa  Fig.  5“9,  which  gives  shielding  properties  of 
various  materials  to  residual  gmaea  rmilatton.  This  curve  will  enable  or.c  to 
determine  the  necessary  thickness  of  material  to  achieve  the  dealred  attenumtiom, 
or  conversely  to  find  the  attenuation  which  will  be  provided  by  a  given  physical 
barrier. 
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In  th«  CMe  of  itruetureo  idiich  ore  partly  or  eoapletely  dMvegrouod, 
or  in  the  eaae  of  expoaed  entraneevaya  ana  apercurea  connected  vltb  burled 
atructurea,  the  procedurea  for  ohelter  evaluation  are  uaeful. 


OCm  lUBlML  PIIOCKIXIRB 

The  procedure  given  in  the  OCSM  Han\ul  la  aulted  for  evaluating 
exlatlng  or  proposed  atructurea  of  aore  or  leaa  conventional  '^pe.  The  pro¬ 
cedure  calculates  and  cooipounds  reduction  factora  ubich  are  a  Measure  of  the 
ratio  of  the  raliation  at  a  shielded  detector  to  that  of  the  unshielded  con- 
taninated  plane.  Taking  into  account  the  effects  of  beurrierti  and  geoaetry, 
he  procedure  leads  to  an  over-all  reduction  factor  applicable  to  a  given 
location  in  the  interior  of  the  structure. 

A  nwber  of  assupiptions  are  nmle.  The  fallout  la  uasujed  to  be  unl- 
foraly  distributed  over  ej^oaed  surfaces  accux'ding  to  their  horl^tal  pro- 
actions.  lo  fallout  is  assuaed  to  reaain  on  vertical  aurfacee.  The  energy 
apectrxB  cf  the  g«M  radiation  la  taken  as  that  froa  fission  products  at  one 
hour  foUovlng  the  ueapon  burst.  The  actenoatlon  produced  by  a  aiven  barrier 
ia  aaauMd  to  be  a  function  only  of  its  ssss  thickness.  POr  g^oand  floor  arean 
the  detector  position  la  aatvaed  to  ba  three  feet  ebove  ground  level  at  the 
geosketrle  center  of  the  atrueture.  For  basenent  areas  the  detector  position 
is  sssuasd  to  bs  five  feet  below  the  level  of  the  ground  floor  at  tba  gao- 
aetrlcal  canter  of  the  structure.  The  rsdiations  reaching  the  detector  are 
grouped  into  that  caused  by  fhllout  on  vhe  roof  (hoof  Contribution)  end  that 
caussd  by  fallout  on  the  ground  aur.^ace  (Oround  Contribution).  Correction 
factors  are  providtd  to  corrset  for  several  effects  in  s  qualitative  wa^. 

Bscauss  of  apacs  li«itattona  the  0C£N  procedure  will  be  pi^eeented 
without  detailed  explanation  of  all  features  and  retinaaenta.  For  acre  thorough 
tnfoxaation  the  reader  le  referr'^  to  the  0C£M  Manual  Itself. 


$t.k  FneorrATioii  or  cBAimi  amp  tabias 

The  following  tables  aud  cUtu  ta  are  takeu  frc's  the  OCEM  Manual. 

Jl.k.l  Haas  Ihlckaeaa.  Tablt  ^.1  gives  the  easa  th1'‘kneaaaa  of 
"aBNOn  construction  aateriala  In  pounds  per  square  foot  of  surface  aree  for 
given  thickneesea.  It  has  been  a«a>Q!-d  that  the  wel(^ta  given  for  various 
types  of  floor«  roof,  end  waii  cunaM-u^tioi.  Ik  steodard  engineer ic»i  tables  era 
equivalent  to  the  aMSe  thickneaa  of  the  conatructiou. 

Charts,  f igu>^e> ht’l  through  Vt'6  enable  one  to  calculate 
reduction  factora  for  aoat  situations.  Figure  ^-1  gives  the  barrier  shielding 
effects  as  abown.  Figure  ^-3  gives  the  rcd'xtiou  factors  for  coablned  shield¬ 
ing  effe  to  be  applied  to  the  roof  contribution.  Figures  5B-3  end  ^g-k  give 

th*  ehov  jund  detectors  eztd  belowground  detectors  the  reduction  factore  for 

coablned  shielding  effects  to  he  applied  to  the  ground  contrlbutlou.  Figure  ^-9 
.'recta  for  height  of  detector  and  gives  currectlona  to  apply  to  the  ground 


^-2 


contribution  reduction  factor.  ![hese  corrections  permit  evaluation  of  the 
upper  stories  of  builditigs,  the  correction  factor  being  sppj.xed  to  the  value 
obtained  for  ground  level.  Figure  3^-6  gives  reduction  factors  for  apertures 
in  the  vail  at  the  ground  level.  Ibe  use  of  these  charts  is  facilitated  by  the 
tabular  forms  ^leh  are  given  In  Para.  3^.3* 

58.  4.3  Correction  Factors.  Table  38~2,  'idilch  Is  from  the  OCDM 
Manual,  gives  correction  factors  for  the  mutual  shielding  effects  of  adjacent 
structures.  Two  other  tables  of  corrections  appearing  in  the  OCQM  Manual, 
those  for  i^rtures  In  Upper  Stories  and  those  for  Skyshlne  Effects  on  Ground 
Contribution,  are  not  Included  here  since  they  are  not  used  in  the  condensed 
analysis. 


3E.3  TABULAR  FORMS  FOR  EVALUATIRG  SHBUZRS 

The  tabular  forms  to  foHov  aie  for  a  condensed  saleldlng  analysis. 
They  are  adapted  from  the  OCIM  Manual.  If  the  iunerior  vails  are  heavy,  i.e., 
of  the  order  of  60  psf.,  it  Is  desirable  to  use  the  mere  complete  tabular 
analysis  form  appearing  In  the  OCOt  Manual. 


a)  Condensed  Shielding  Analysis  for  Aboveground  Areas 
1 )  Rcx>f  Area,  A^ . . . 

6)  Distance.  Roof  to  Detector,  E. ...... 

3)  !D3tal  Overhead  Mass  Thickness,  . 

U)  Mall  Mass  Thickness,  X^ . . 

5)  ^  Apertures . . 

6}  Roof  Contribution:  l),  2),  and  }) 

Fig.  3R-2  . 

7)  1)  and  k),  rig.  51*3  . 

8)  1)  ai»d  0  paf,  Fig.  31*5 . 

9)  V)  *  (lOO^  '  i  Apertures)  . 

10)  8)  X  5) . 

11)  9)  ♦  10) . 

12)  Orouod  Oontrltutlon,  11 )  x  Table  31*2  .  .  . 

13)  Rsductlon  Factor,  6)  e  IkJ . . 

14)  Protection  Factor,  reciprocal  of  13).  «  •  « 
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1>)  CoHdana^d  tor  B»apveround  Art— 

l)  throuajli  $}  aiM  M  for  abOYacround  ar«M.  .  . 

6)  Calling  Mnaa  Xhloknaaa,  . 

7}  fiaaenant  Vail  Naas  Ihiehnaaa,  X^.  .  .  .  .  . 

8)  $  fixpoaura. . . . 

9)  Hoof  Contribution^  l),  2)  and  3)  and 

Fig.  5X-2 . . . 

10)  4)  X  (100](  -  $  Aparturas) . . 

11}  1)  and  1C)  and  Fig.  . 

12)  6),  Caao  3«  Fig.  . 

13)  11)  X  12) . . . 

14)  1)  nd  7)  ttA  Fig.  31-3 . 

15)  14)  X  8) . 

16)  13)  ♦  15) . 

17)  Oround  Contribution^  16)  x  Mbla  3I-2  •  .  . 

18)  Baduotion  Factor^  9)  *  17) . 

19)  Protaotlon  Faet^r^  raelproeal  of  I8).  .  .  . 


Iten. 


TABU  5S-1 
MASS  lEZCKIlBSSES 


Astestos  Board 
Asliestoa,  Corrugated 
Aobestos  Shlnglea 
Asphalt  Roofing  (3  ply) 

Asphalt  Roofing  (h  ply  i  gravel) 

Asphalt  Roofing  (3  ply  i  gravel) 

Asphalt  Shingles 

Clay  Brick 

Clay  Tile  Shingles 

Clay  TUe^  Structural 

Clay  TUcj  Structural 

Clay  TUe^  Partition 

Clay  Tile,  Partition 

Clay  Tile,  Partition 

Clay  Tile,  Partition 

Clay  Tile,  Facing 

Clay  Tile,  Facing 

Clay  Tile,  Facing 

Concrete 

Liflit  Veigit 
Haydite 
Cinder 
Slag 

Stone  or  Gravel 
(standard  Weight) 

Reinforced 

Concrete  BoUov  Block, 

Stone  or  Oratvel 
(standard  Wel^t)  ■ 


nominal  Iblckness  Maas  Thickness 

_Or  Width  of  Chit  Pounds  Per  Slr>ft». 


3/l6* 

2 

4 

5/32" 

2 

— 

1 

VMM 

6 

— 

7 

2 

per  Inch 

8-10 

— - 

10-20 

8" 

42 

12" 

58 

h" 

18 

6" 

28 

8" 

'4 

10" 

40 

2" 

15 

4" 

.25 

6" 

38 

per  inch 

6-8 

per  inch 

8 

per  Inch 

9 

per  Inch 

10-n 

per  Inch 

12-12  1/2 

per  Inch 

12  1/2 

h" 

6* 

8" 

12« 


30 

he 

55 

85 
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Item 


nominal  Bileknaaa 
or  Width  of  Iteit 


Maas  OilekneBa 
Pounds  Per  Square  Foot 


Concrete  Eollov  Blocks 
Cinder 


Concrete  BoUov  Blocks 
Ll^tvelekt 


Tiber  Board  or  Sheathing 
(Uasa 

Qypsum  Block 
OljrpsuG  Block 

Bypsum  Board  or  Sheathing 

Planter  Jtpplied  Blrectly 
or  on  lath 

Plaster,  Solid 

Plyvood  Sheathing 

Slate 

Soil,  Clay 

Soil,  Loam 

Soil,  Sand  and  Orarel 
Steel 

Steel,  Corrugated  Sheet 

Steel  Panela 

StoiMi  Maaonzy 

Stucco 

Verra  Cotta 

Wood  Sheathing 

Wood  Shlnglea 

Wbod  Sidi]^ 


4" 

22 

6* 

30 

8" 

39 

12" 

61 

k* 

20 

6" 

28 

8" 

38 

12" 

55 

1/2" 

1 

l/k- 

3  1/2 

2" 

8-10 

4" 

10-12 

-a 

4" 

2 

1/2  -  3/4- 

5-6 

per  Inch 

6-10 

3/8* 

1 

3/16* 

7 

per  Inch 

6-8 

per  Inch 

7-9 

per  Inch 

6-10 

per  Inch 

41 

20  Qa 

2 

18  Qa 

3 

per  Inch 

lv«-l4 

3/^^" 

6-9 

1" 

r. 

1" 

2  1/2 

2  l/S 

per  Inoh 

1-2  l/S 

TABIB  5E-2 

MUTUAL  SHIEiJ)ING  CORRECTION  TO  GROUND  CONTRIFuxIOH 


Intervening  Diet. 
to  Ad.lacent  Structvtre 

0  feet 
10 
20 
50 
100 
200 
500 
1000 
Infinite 


Correction  Factor 

0.00 

0.08 

0.10 

0.20 

O.lK) 

OJjO 

0.80 

0.90 

1.00 


Note: 

In  the  case  of  urban  buildings  (those  In  areas  of  predonlnantly 
multistory  commercial  buildings)  the  correction  factors  tsbulated  above 
should  be  adjusted  as  follows: 


Streets  on  all  sides 
Streets  on  5  sides.. 
Streets  on  2  sides.* 
Streets  on  1  side... 


Above  vsJ.ueo  x  1.00 
Above  values  x  0.75 
Above  values  x  0.50 
Above  values  x  0.25 


R«duction  Factor 


Mott  Thicknttt,  X,  ptf. 


FIG.  5E-I  REDUCTION  FACTORS  FOR  BARRIER 
SHIELDING  EFFECTS.  FALLOUT 
GAMMA  RADIATION. 


III,IN 


SiM 

nin 

IS.tN 

II.NI 

5.IN 

MM 

I.M 

*41 

m 

m 

m 


I  n  *t  Hf  N  «  ta  IN  m  01  MT  M 


Totai  Ovtrhtad  Ma«t  Thicknttt,  X,,  ptf 

FIG.  5E-2  REDUCTION  FACTORS  FOR  COMBINED 
SHIFLDIMG  EFFECTS  —  ROOF 


CONTRIBUTION 


FIG.  5E-3  REDUCTION  FAC10RS  FOR  COMBINED 

SHIELDING  EFFECTS - GROUND 

CONTRIBUTION - ABOVEGROUND  AREAS 


Ar«o,  Ar  ,  tq.  ft. 


Adjuettd  Ground  Floor  Wotl  Mooo  Thicknow,  X«,  ptf. 


FIG.  5E-4  REDUCTION  FACTORS  FOR  COMBINED 
SHIELDING  EFFECTS  —  GROUND 
CONTRIBUTION — BELOWGROUND  AREAS. 


Corrtction  Foctor, 


>•*«  tviMtw  It  •t>«aM4  It  be  }  tbt«*  'be  IW 


!•#!  '•JiHittfy  WOJJ  tsUPtilQ 


FIG.  5E-6  REDUCTION  FACTORS  FOR  APERTURES 
GROUND  FLOOR. 
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SECTION  6.  nXUSTRATIVE  EXAMPUB 


6.1  PRESENTATION 

Ibis  manual  la  Intended  primarily  as  a  guide  for  reviewers  of 
existing  or  planned  hardened  construction.  In  seme  instances  the  review  pro¬ 
cess  will  Include  (a)  determination  of  levels  of  resistance  (to  blast  and 
other  effects)  Inherent  in  the  construction,  (b)  determination  of  vulnera¬ 
bility  radii  corresponding  to  resistance  levels  and  to  weapon  sizes  of 
Interest,  (c)  determination  of  survival  probabilities  corresponding  to  the 
vulnerability  radii  and  assumed  C.E.P.  values,  (d)  determination  of  costs  of 
construction,  (e)  Judgment  of  the  design  from  the  standpoints  of  all  pertinent 
factors. 


At  certain  stages  of  the  reylei>  process  it  may  be  more  convenient 
for  the  reviewer  to  undertake  an  Independent  dcteimilnatlon  of  reqiilrements 
(functional  or  physical)  and  to  compare  these  with  the  corresponding  features 
of  the  Installation  under  review.  In  such  Instances  the  reviewer  Is  perform¬ 
ing  limited,  or  preliminary  deslei.  This  manual  is  applicable  to  such 
preliminary  design  as  well  as  to  the  reverse  process  of  analysis. 

In  this  section  portions  of  the  review  process,  including  certain 
examples  of  preliminary  deslffi,  are  illustrated. 


6.2  ASSUMEC  SITUATION 

The  design  of  a  long-range  missile  installation  consisting  of 
several  Interdependent  structxires  of  essentially  equcOL  importance  is  to  be 
reviewed.  In  the  discussion*',  and  analyses  that  follow  attention  will  be  given, 
prlmariLly,  to  the  control  center  for  this  installation.  It  will  be  assumed 
that  the  control  center  is  located  at  a  considerable  distance  from  other 
elements  and  that  attacks  on  these  elements  will  have  a  negligible  effect  on 
the  control  center  survival  probability.  This  slmplliying  assumption  mlg^t 
not  be  Justified  In  a  real  case. 

The  proposed  location  is  one  for  \dilch  no  "Blast  c:  d  Fallout 
Probability"  charts  cxlbt.  The  beet  available  estimate  of  probable  attack 
Indicates  Ihree  missiles  directed  at  the  contzol  center.  The  warhead  Is 
estimated  to  be  8  MF  and  the  CEP  Is  estimated  to  be  2  nautical  miles,  (it  Is 
emphasized  that  these  conditions  of  attack  arc  taken  fOr  examp!!**  purposes 
only;  they  may  not  represent  probable  conditions  In  ary  rral  situation.)  No 
estimate  Is  svallable  as  to  the  effectiveness  of  active  defenses  In  the  area. 


6.3  PROCEDURE 

6.3*1  strategic  Cateitorr  Determination.  F!rom  SECTION  1,  Table  1-1, 
It  Is  determined  that  the  proposed  Installation  will  be  In  Strategic  Category  A. 
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3* 2  Target  Analysis.  For  the  detonnined  Strategic  Category  what 
are  the  desired  survival  probabilities?  For  the  assumed  attack  conditions 
what  resistance  (to  blast,  nuclear  radiation,  and  thermal  radiation)  muat  be 
provided  in  order  to  achieve  the  desired  survival  probabilities? 

From  Para.  2. 5.1  of  SECTION  2  it  is  detennlned  that  the  desired 
survival  probability  consistent  with  Strategic  Category  A  is  in  the  range 
QO  “  95  percent.  In  accordance  with  the  T’ccnininendation  of  Para.  2.  U.2b  (5)  of 
SECTION  2  the  enemy's  probability  of  reaching  the  target  area  will  be  assumed 
to  be  50  percent;  i.e.,  z  -  O.5O.  Since  the  desired  survival  probability 
range  is  difficult  to  achieve — particularly  for  the  assumed  multiple-shot 
conditions --required  resistances  will  be  determined  for  the  lower  end  of  the 
range  only.  Corresponding  to  a  multiple -shot  probability  of  80  percent,  the 
required  single  shot  probability  is  given  by: 

n  3 _ 

^s.,  =  v/T  =  yo.fio  =  0.5^8 

X  Id  n 

Ohe  required  built-in  survival  probability  (i.e.,  corresponding  to  Z  =  l.OO) 
is  given  by 


1®Z=1 


1  -  0.928 

0.5 


0.856 


From  Fig.  2-U,  for  S  =  0.86  and  CEP  =  2.0,  a  value  of  58OO  ft.  is  read  for  the 
vulnerability  radius,  Entering  Figs.  2-8  and  2-12,  with  W  =  8  MT 

and  Ry  =  58OO  ft,,  the  corresponding  values  of  side-on  overpressure,  initial 
gamma  radiation,  and  thermal  radiation  are  found  to  be,  respectively,  ?80  psi, 
50,000  r,  and  1*000  cal/ cm2. 


In  a  real  case  there  might  be  occasion  to  seek  a  higgler  value  of 
survival  probability.  The  required  resistance  levels  would  be  found  to  increase 
very  rapidly  with  increased  su_vivel  probability,  and  the  Installation  cost 
would  likewise  increase  rapidly. 

6.5.3  Operational  Concepts  and  P>equirements .  The  total  Installation 
ml^t  include  the  control  center,  power  station,  guidance  and  antenna 
facilities,  imderground  missile  launch  shelters  and  their  supporting  fuel  and 
equipment  shelters,  the  necessary  personnel  tunnels,  fuel,  pxjwer,  and  commxmica- 
tion  conduits,  entranceway  structures,  etc.  Specific  .oquirements  would  be 
obtained  for  eeCh  of  these  components.  SECTION  5  and  other  sources  would  pro¬ 
vide  data  for  personnel,  space  and  dimensional  needs,  ventilation,  refi'igera- 
tion  and  heating,  electrical  systens,  chock  movmting  or  isolation,  tj'pe  and 
number  of  doors  end  other  accessways,  and  other  factors.  In  an  ?•  '•■•’el  jase 
the  oporational  concepts  and  requirements  are  complex  and  warranv,  extensive 
study,  beyond  the  scope  of  this  Illustration.  Specific  requirements  would  be 
obtained  for  each  component  of  the  installation. 

With  regard  to  the  control  center  we  will  arbitrarily  assume  an 
opsjratlng  personnel  of  1*0  men.  Ihe  normal  space  requirement  for  tliese  men 
and  the  necessary  equipment  is  found  to  be  8OOO  sq.  ft.;  on  the  basis  of 
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rara.  we  will  assume  that  this  can  be  reduced  to  5000  sq.  ft.  Other 

requirements  for  the  control  center  ore  of  lmi>ortance,  but  only  the  gross 
space  requirement  it?  cited  here 

6.5.4  Damage  Criteria.  Prom  SECTION  4  are  obtained  the  vulnera¬ 
bilities  of  personnel,  structures  and  equipment  to  blast,  radiation,  and 
shock.  For  example,  from  Table  4-1  we  determine  a  value  of  lOOr  as  the  maxi¬ 
mum  nuclear  radiation  which  should  be  permitted  to  penetrate  into  the  control 
center. 

6.5.5  Considerations  in  the  Choice  of  Structural  Type.  In  Judgln" 
the  suitability  of  a  proposed  design,  or  in  undertaking  a  prellminazy  design, 
the  reviewer  is  very  much  concerned  that  each  structure  be  appropriate  for 
the  resistance  levels,  site  conditions,  and  operational  requlr^ents.  If 
inappropriate  structural  types  are  selected  either  the  protective  function 
may  not  be  achieved,  or  it  may  be  a^hlevc-d  at  e-:ccsci\e  cost. 

Unless  the  Intended  function  demands  aboveground  construction,  or 
vinless  the  required  resistance  levels  are  quite  low,  construction  belowground  " 
will  be  necessary.  The  power  and  accuracy  of  modem  nuclear  weapons  systems 
do  not  offer  any  practical  choice.  For  example,  tlie  slde-on  overpressures 
determined  in  Para.  6.5.2  would  generate  reflected  pressures  as  great  as 
1000  psl  agcdJist  an  abovegrovind  structure. 

The  proper  type  of  structure  depends,  of  course,  on  soil  conditions 
and  local  topography  at  the  site.  On  the  other  hend,  the  site  should  be 
chosen  with  regard  to  the  tntei  Installation  requirements.  The  best  site 
selection  based  on  all  factors  might  not  provide  ideal  conditions  fo'  a 
particular  component,  such  as  the  example  control  center. 

The  cost  of  underground  construction  is  very  sensitive  to  subsurface 
conditions,  particularly  the  ground -water  level.  Where  a  high  ground -water 
level  cannot  be  avoided  economy  uuiy  dictate  shallow  construction  with  a  single 
floor  level.  Under  different  circumstances  the  use  of  multi-level  construction, 
minimizing  plan  area,  may  be  less  costly. 

While  the  most  favorable  structural  tyi^e  is  not  always  apparent 
there  are  certain  considerations  which  provide  guld^ce.  In  particular,  the 
choice  between  shell  types  and  slab  (or  slab  and  beam)  types  is  governed  by  a 
nvnnber  of  factors.  Prom  the  ctanupoint  of  efficient  material  use  shells  are 
superior  because  the  major  stress  syst-em  con  be  assumed  to  be  uniform  through* 
out  the  element  thlckno.oc.  In  contrast;  slab  and  lieam  elements  are  much  less 
efficient  because  their  major  stress  states  ere  not  uniform  through--^  the 
element  ihlcknesscs.  Slab  and  beam  thicknenses  become  very  at  combina¬ 

tions  of  loading  and  span  for  which  shell  thicknesses  can  be  relatively  small. 
When  the  protected  function  demands  large  clear  spans  the  shell  type  may  be 
dictated. 


If  large  clear  spans  are  not  essential  a  slab  (or  slab  and  beam) 
arran^ment  may  be  more  economical  than  a  shell  type.  In  the  first  place 
lower  forming  costs  may  be  obtained  for  he  plane  surfaces  of  the  former  types. 
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Of  greater  slffilficance  nay  be  the  relative  efficiency  of  space  utilization 
within  the  two  types.  For  slab  and  beam  construction  Interior  clear  hel£^t 
does  not  decrease  fitwa  the  Interior  to  the  perimeter  zones;  such  hel^t 
variation  is  typical  of  shell  types*  Unless  there  are  equipment  components 
which  con  be  positioned  in  the  zones  of  insufficient  headroom,  these  zones 
will  represent  wasted  space.  It  may  be  noted  that  the  shell  form  which  is 
structurally  most  efficient  (the  doubly -curved  dome)  presents  the  most 
challenging  problem  of  space  utilization.  To  a  lesser  extent,  this  conflict 
between  structural  efficiency  and  space  utilization  occurs  in  slab  and  beam 
construction.  For  equal  spans  and  loading  the  beamless  slab  requires  more 
material  than  a  slab  and  beam  combination,  but  tlie  former  Irivclves  space 
(overhead,  between  beams)  %dilch  may  be  difficult  to  utilize. 

It  should  be  noted  that  shell  structures  for  large  spans  and  leirge 
loads  may  present  very  difficult  foimdatlon  problems.  If  rock  is  not  avail¬ 
able  at  reasonably  shallow  deptii,  cost  may  oe  greatly  increased— ly  the  need 
to  go  deeper  to  obtain  rock  foundation,  or  by  Uie  need  for  vei-j  massive 
footings.  For  slab  and  beam  construction  the  foundation  problem  Is  less  acute 
because  the  vertical  load  Is  transmitted  by  a  large  nianber  of  columns  and 
walls,  and  thereby  distributed  over  the  entire  plan  area  rather  than  concen¬ 
trated  at  the  perimeter. 

From  the  foregoing  discussion  It  should  be  apparent  that  the  choice 
of  structural  type  is  strongly  Influenced  by  loading  intensity,  but  that 
there  are  other  factors  wiilch  way  be  equally  significant.  Ccrei'ul  studj' 
should  be  given  to  the  operations  and  equipment  to  be  housed,  for  these  de¬ 
termine  minimum  acceptable  clear  spans  and  the  acceptable  space  configurations 
Finally,  the  availability  of  good  foundation  material  may  be  an  lmport:.at 
factor  in  the  choice  of  structural  type. 

6.5.6  Example— Structural  Verification  of  Control  Center  Using 
Two-Way  Slab  Construction.  Le+  us  assume  that  a  preliminary  design  has  bees 
sulanltted  for  consideration.  The  reviewer  wishes  to  determine  hov  the 
resistance  of  this  design  compares  with  the  desired  levels  as  determined  in 
Para.  2.3.1. 

Description  of  Structure: 

Single  story;  under  4  ft.  of  earth  cover;  60  ft.  x  ft.  In  plan; 
two-way  slab  roof  system  supported  on  columns  spaced  20  ft.  In  one  direction 
and  21  ft.  In  the  other  direction;  T'tof  bl».b  36  Jn.  thick  with  reinforcement 
not  specified;  beam  stems  60  In.  wide  and  total  beam  de*^th  Sit  in.,  with 
reinforcement  not  specified;  Interior  columns  in.  sq.  with  reinforcement 
not  specified;  exterior  columns  60  In.  x  kd  in.;  floor  clrb  rrid  '  «iim8  seme 
as  roof;  exterior  walls  24  In.  thick  with  reinforcement  not  specified;  clear 
hel^t,  from  floor  to  roof  beam,  12  ft.;  f^  •  3000  pel  for  all  elements. 

The  reviewer's  task  Is  to  determine  whether  the  proposed  element 
tb  .cknesses  are  appropriate  for  the  reslatancn  levels  required;  this  Involves 
also  a  determination  of  reinforcement  quantities  required.  Since  the  rein- 
furclng  steel  grade  is  not  specified,  Intezmedlate  grade  ateel  (the  moat 
common  grade)  will  be  assunied. 


Earth  Oover—AaeQuaey  of  Radiation  . 

Qiecklng  first  for  radiation  attenuation,  ve  note  that  the  equiTa** 
lent  soil  thickness  represented  hy  earth  cover  and  roof  slab  is  4.0  + 

X  3.0  »  8.3  ft.  ■  100  in>  of  soil.  From  Fig.  5”fi  wo  read  0.0001  for  the 

dose  transmission  factor,  iipplying  this  factor  +0  the  initial  radiation 
determined  in  Para.  6.3*2>  we  obtain  (50,000  r)(C.OOOl)  -  5  r,  which  is  less 
than  the  critical  value  of  100  r  found  in  Para.  6.3.4.  Thus,  earth  cover  is 
adequate. 


Boof  Slab  Panels; 


Assume  -  3.0  ;  f^  -  5000  ;  f^^  -  6250  ;  f^  -  52,000 
Dimensions  (clear  span)  «  I5.O  ft.  x  I6.O  ft. 

Loading  «  l8o(blast  pressure)  +  6(dead  load)  >  I86  psi 


Pure  Shear  Strength; 


i  -  °-9‘>  1 


a  . 

L  15  X  12 


0.16 


taken  to  be  equa].. 


Ffom  Fig.  5A-I.3,  «  300  since  end  steel  percentages  are 


Pn.  -  P'(S/3)(1-K»)  -  300(^3)(1.9^»)  -  ?88  pel  >  I86  O.K. 

la  ID 

It  Is  concluded  that  the  proposed  slab  thickn**?*  s»*t j  sf sctory  (skctually 

quite  conservative)  in  pure  shear. 


nexural  Strength;  Since  the  panel  is  practically  square  assuae 
equal  reinforcement  in  both  directions.  Iben  frcxa  Fig.  5A'’2.1: 


+  <P. 


1£ 


+  9, 


SB 


1.0  and  0  .  2.82 


!Ihls  means  that  the  fl«cural  capacity  of  the  slab  is  2.82  times  as  large  as 
the  capacity  of  a  one-vay  slab  of  the  same  d/L.  Le'  us  as8Vk;«e  that  th^  s/L 
found  to  be  adequate  for  pure  shear  will  likewise  be  adequate  for  flexure, 
and  determine  the  required  flexural  reinforcement. 
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Required  one-way  capacl-^  •  ^  ■  66  psi 

From  Fig.  5A-1.2  for  d/L  "  O.I8, 

:(*8S  + 


SLOoo 

co.nnn 


0.71% 


therefore  Vp-  +  9, 


TJ)U0,  0.36j(  steely  each  face,  each  way,  will  suffice.  This 
is  a  very  moderate  steel  percentage,  and  it  is  concluded  that  the  slab 
flexural  strength  is  adequate. 


Diagonal  Oteneion  atrength;  Again  it  will  be  assimed  that  the  d/L 
is  adequate,  and  we  will  determine  the  amount  of  reinforcement  required.  The 
required  one-way  strength  is: 


f  (1.94) 


tt 

186 
"  1.29 


144  psi 


From  Pig.  5A-1.8,  X-  ■  O.7O 

*  > 

Prom  Pig.  5A-1.7#  for  X^9^f!  »  (0.70)(0.36)(5000)  - 
X  d 

we  obtain  -0.22 


1260 


Hhus,  X^ 


■  0.22 
"5715 


1.22 


And,  frott  Pig.  5A-1.5  for  X^  >  1.22,  we  obtain: 


Vdy  "  pel 


Required  <P^ 


52,000 


0.4d9( 


Sy  increasing  the  midspan  flexural  reinforcement  percentage,  9  ,  the  required 
diagonal  tension  reinforcement  percentage,  9  ,  could  be  decreased— even  to 
zero.  Since  the  total  midsps^  flexural  steel  percentage  is  49  (i.e.,  two 
ways,  two  faces)  this  would  not  be  advantageous.  The  value  of^9.^  determined 
above  is  satisfactory. 

It  can  be  concliided  that  the  proposed  ivof  slab  proportions  are 
about  right  for  the  desired  resistance  level,  and  that  the  necessary  rein¬ 
forcement  percentages  are  reasonable. 

Hoof  Beasts: 

The  beams  hov’e  clear  spans  of  17*0  ft.  and  I6.O  ft.  respectively. 
Since  they  have  identical  width  and  depth,  and  the  spans  are  eJm  .st  al.iVe, 
only  the  long-span  beams  need  be  checked. 

Pure  Shear  Strength:  Consider,  first,  an  asstaaed  condition  for 
which  beams  of  16.O  ft.  clear  span  support  a  one-way  slab  on  a  bean  cpaelng,  e 
to  c.,  of  20.0  ft.  The  shear  capacity  of  such  beams,  expressed  as  load 
intensity  per  square  inch  of  slab,  can  be  converted  to  the  corresponding 
capacity  for  the  actual  long-span  beams. 


AasuM  da64>U«60ln. 

L  "  12  ?16.0  " 

Fran  Fig.  5A>3*^  tor  d/x  ■  0.417  lajod  f*  ••  $000  we  obtain, 
since  end  flexural  steel  percentages  are  equal: 

P«  *  "  Pm  ^20/5)  -  710;  thus  p'  -  178  p*l 

n  a  n  n 

From  Fig.  5A-3»9  tor  o  «  0.94,  ys  obtair*  i)  ■  1.90 

therefore  the  capacity  of  the  actual  long-span  bean,  expressed 
in  loading  intensity  on  the  slab,  is: 

p  -  n  pI  -  !• 9(178)  -  338  psi  >  186  O.K. 

in  m 

We  conclude  that  the  beams  are  satisfactory  (actually  eoLsezva- 
tive)  with  respect  to  pure  shear. 

Flexural  Strenirth:  Since  the  width  and  depth  of  w  bean  were  found 
to  be  satisfactory,  the  flexural  cheek  will  be  a  detenalnatisn  of  the  required 
reinforcement. 

Prom  Fig.  5A-3.5  for  a  •  0.9*>  aniS  •  5/20  -  0.25,  ^ 

7'  -  1.p6 

Ohe  required  capacity  for  a  beam  of  I6.O  ft.  spsn  supporting  a  one-way  slab 
with  20.0  ft.  beam  spacing  is: 

^  -  1*5  i»i 

Pm  -  "  1^5(20/5)  -  580  psi 

JB  Cl 

rtom  Wg.  5A-J.8  tor  i/l  •  0.417  ,  ■  580,  v.  oMsln 

(’o  ♦  ’'.>‘■0,  -  55,500  psi 


A  ^  A  a  S5l.5fi9i  a  1,07^ 

^c  ^  >  52,000 


Thus  f  m  9  b  0.54)(.  This  percentage  of  flexure!*  reinforcement 
(0.54^  at  ends  and  at^midsfan)  is  satisfactory. 

PiAflowAl  Tenifllon  Strenirth:  Again  it  will  be  aosiaaed  that  the 
d/x  is  adequate,  end  the  required  amount  of  reinforcement  will  be  determined. 

FroB  Pig.  5A-3.9  for  a  -  0.94,  we  obtain  t|  ■  1.9 

The  required  eig>acl‘ty  of  a  beam  of  l6.0-ft.  span  supporting  a  one-way  slab  on 
20.0-ft.  beam  spacing  would  be: 
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a  p«l 

From  Fig.  5A-1.8,  -  O.7O 

Bierefore  -  (0.70J(0.54)(5000)  -  I89O,  askl 

tr<m  Pig.  5A-3«8  for  p *  r  ■  398^  wb  obtain: 

BO 

X  d 

"l"  * 

Ihua  ■  57^7  ■ 

Since  X  la  less  than  l.Oj  np  diagonal  tension  reinforcement  la  theoretically 
required.  Nevertheleas,  it  la  recosmendedi  that  a  mlnlnnia  percentage^ 
be  uaed. 


It  can  be  concluded  that  the  propoaed  roof  beana  are  about  rl^t 
for  the  dealred  realatance  level,  and  that  the  neceaaaxy  reinforcement  per- 
centagea  are  reasOiieble* 


Interior  Colmna: 


The  cheek  of  theae  manbera  Involvea  a  determination  of  the  required 
reinforcement  percentage. 


from  Para.  the  column  capacity  ahould  be  equal  to 

tvlce  the  bl.oat  loading  on  cne  tributary  roof  area,  or  to  the  atrength  of  the 
roof  elementa,  idilchever  la  smaller.  Ibe  ductin'^  ratio,  H,  vaa  taken  aa 
3.0  for  the  roof  elementa;  thla  meana  that  the  strengtha  vere  made  equal  to 
the  load  Intensity  multiplied  by: 


— Si —  »  ^  •  1.2  <  2.0 

a*  - 1  2(3.o;-i  5 

Thus  the  colxmtn  strengths  must  be  made  equal  to: 
1.2[(21x1S)(20x1S)(0.186))  •  1J,500  kip. 


8(3-0) 


From  Para.  3B.11,  lh«  coluba  capacity  ‘f?  £lve.'  oy: 


P^  -  (0.85  f;.  ♦ 


dc  ^  100  ‘dy' 
(5312  +  580  q>„)(ll8xW) 


9,  -  1.05JI 


w  -  5»*J  ■ 

She  required  relnforeeaent  percentage  le  eatlefaotoxy.  Ify  laereaalng 
the  ateel  content  the  eoliam  dlaenelone  could  he  reduced  s<»evhat«  lb  achlere 
any  euhetantlal  reduction  In  eoluan  else,  hoverer^  It  eould  be  neceeaarx  to 
■ubetltute  a  steel  eolucn  fbr  reinforced  concrete. 

It  should  be  noted  that  even  the  ltd  In.  x  1)6  In.  column  proposed 
eould  require  a  small  capital  enlargement  to  the  60-ln.  vldth  of  the  stqpported 
beams. 


Bxterlor  Walls: 

Li  accordance  vlth  rec(»imendatlons  in  Para.  5*3*3/  and  assualng 
unsaturated  coheplve  soil  of  medluid  conslster'c/.  the  lateral  soli  pressure 
vUl  be  taken  equal  to  half  the  vertical  pressxire;  i.e.^  $0  psi.  Zh  vlev  of 
the  shallov  depths  considered^  the  attenuation  oi*  blast  pressure  vlth  depths 
as  veil  as  the  static  lateral  pressurci  can  be  neglected. 

She  roof  slab  aod  betaas  vere  designed  as  continuous.  Therefore^  at 
the  connection  betveen  the  side  vails  and  roof,  the  moment  resistance  required 
for  the  roof  elements  must  be  supplied  In  the  corresponding  vail  elenmnts. 

She  side  vails  aiid  columns  must  be  adequate  to  resist  the  direct 
compressive  loads  equal  to  the  reactions  from  the  roof  plus  the  moments  idjilch 
result  from  continuity  of  the  roof  system  and  the  laterally  applied  load. 

la  vlev  of  the  assiaqptlojis  that  floor  system  and  roof  aystsm  are 
alike  the  vail  panels  can  be  crasldered  as  restralxied  on  all  four  edges,  fbr 
the  asstiMd  exterior  column  dlsmnslons,  the  vail  panels  on  the  long  sides  of 
the  structure  hare  horizontal  clear  spans  of  l6.0  ft.  Vertical  clear  spans 
also  are  l6.0  ft.  Square  panels. 

Pure  Shear  Strength;  '  "" 

Assume  d  ■  24  in.  -  4  In.  ■  2U  In. 


d  _  .20 

L  lScl2 

O  »  1.0 


0.104 


from  Fig.  3A-1.3>,  p^^  ■  l60  psl  for  equal  end  r'*lnforcemen^. 

P,  -  P’(S/3)(1+  «)  -  (i60)(2/3)(2.0)  -  213  pel  >  90 

We  ccmclude  that  the  24-ln.  thickness  of  the  vail  slabs  Is  more  than  adequate 
vlth  respect  to  pure  shear  strength.  It  vould  be  premature  to  conclude  that 
the  thickness  Is  exee^sslve  tintll  flexure  axsl  diagonal  tension  hsnre  been 
Investigated.  It  should  be  noted  that  the  preceding  computation  Igoores  the 
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•ffect  of  non-unlfomlty  of  flaxunl  •tool  poreoatacts  la  tte  two  diroetioos 
oa  the  — atea  aheara  and  way,  therafora,  ba  aoMwtaat  uneoBaarratlTO. 
BMawar.  it  alao  naglacta  ttaa  affact  of  tha  diract  wartlcal  co^aalM  which 
aaxra  to  ineroaaa  the  ahaar  atraagth  of  tha  wall  abowa  that  which  waa 
uaad  hare.  In  any  eaaa,  tha  raaiatance  aa  coav^^tad  (21?  pai)  la  ao  wch 
larger  tl*n  tha  load  (90  pal)  that  aafaty  is  aaaurad. 


Plex»«^^  Strength;  Noaaat  capacity  of  roof  slab  la  givan  by: 


N  -  0.009lf.  d^  -  0.009(0.36)(52,000)(35)®  -  lfl5,500  in.-lb./in. 


‘dy” 


Seglecting  the  effect  of  direct  coapreaBlon  in  the  w'U,  the  yartlcal 
ateel  at  top  and  bottom  edges  or  the  vail  panel  required  to  develop  the  and 
ant  in  the  roof  slab  is: 


183.50P_ 


(0.009)(52,000)(20)' 


0.9^ 


Near  tha  aldlength  of  upper  and  lower  panel  edges,  there  is  no  doubt 
that  la  very  (perhaps  unneceeanrily)  coneerratiwe .  This  is  shown  as 
foUowa: 


In  diract  coapraaslon,  the  ultlnste  strength  of  tha  wall  is 

ttiveu  by: 


■u 


(0.05  f^, 


■Wfcking  f  as  approx inataiy  1.5  (0.90^  on  one  side  <ind  an 
estlsntM  0.50^  on  tha  other )• 


Py  -  l(0.u5)(6250)  +  (1.5)(520)1  (24  »  1) 


(5320  ♦  780)(24)  -  144,650  lbs. /In. 

Near  the  aldlength  of  upper  and  lower  panel  edges: 

P  S  ((i86)(10'  X  12*/»)1  -J-  l(2/>)(i  ♦  0)1 
where  o  ••  14/15  -  O.94  (for  root  panel): 

P  -  22,300/1.:?9  ■  17,300  Ibe./ln. 


Thus:  ^ 


0.12 


Proe  Pis-  5d-10.2,  for  f  -  0.90.  ■  5000,  and  P/P^  -  0.12, 


5-  -  1.7 


and  the  aanent  capacity  of  the  wall  consistent  with  0-90^  and  steal  is  about 
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70^  greater  than  Is  needed.  Eovever^  the  intensity  of  the  direct  compression 
Is  reduced  as  the  edge  of  the  panel  Is  approached  and  the  corresponding  excess 
moment  cc^aclty  Is  reduced.  The  average  direct  compression  In  the  vail  panel 
Is  approximately  half  of  the  "simple  span"  roof  slab  shear,  or: 

^avg  *  2  xl27')]  =  11,150  lbs. /in. 


For  this 


and  jp  «  1.4  j 
u 

therefore  the  avor:^,.^  excess  resistance  is  aVout 

On  the  basis  of  the  above  discussion,  It  is  reasonable  to  rediice  the  top  and 
bottom  vail  steel  percentages  from  0.96^  to  about  0.70^.  Checklzig  this: 

=  1(o.85)(6250)  +  (0.70  +  0.50)(5i«)l  (24  X  1) 

S  (5320  +  625)(24)  -  (59^5)(24)  -  142,500  Iba./in. 

!ixa  .  lixiSO  .  Q  078 
P^  142, 5W 

From  Fig.  5A-10.2,  for  9  -  O.7O,  f'  -  5000,  and  ^  -  O.O78 
1  4 

My  -  0.009 

-  0.009(0.70)(52,00&)(20)^  -  151,000  In.  kips/lA., 

Then  M  -  1.4(151,000)  -  183,500  in.  klus/ln.,  vhlch  ts  equal 
to  the  moaent  resistance  requlr^  by  the  roof  slab. 

Therefore  use  O.TOjfc  /evtical  steel  In  the  outer  face  it  top 
and  bottCHS  edges  of  vail  panel  r.  Ifowlnal  steel  of  shout  0.50^  vill.  tlao  be 
required  in  the  Inside  face,  at  top  and  bottom  edges  of  the  pa  ^1. 

Zn  order  to  maxlalte  the  two-vay  ection  of  the  panel  aasuae 
^LC  ^US  "  ^8C  *  ^81'  to  ^  3«0.  The  one- 

v^r  capacity  la  each  direction  must  then  be  equal  to  90/5  "  30  pel. 

From  Fig.  5A>1.2  for  p  -  30.0  and  d/Z.  >  0.104,  ve  obtain: 
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“  ^^,500 

and  (9g  +  <P^)  -  -  0.90$ 


Obrlously  vlth  0.70$  required  at  top  and  bottom,  the  (9^  +  9^)  for  vertical 
steel  will  exceed  0.90$  since  9^  ■  O.9O  -  0.70  =  0.20$  is  less  than  the  nominal 
amount  permitted  ^en  steel  is  required.  Oeslgnabing  the  vertical  span  as  the 
"abort"  span,  let  ae  assume: 


0,70 


’sc  "  ’lE  “  ’lc  • 


Then 


’lc  ’iZ  1.0 


’sc  *  ’sB 


1.20 


0.833 


From  Fig.  3A-2.1,  0-2.75 

The  one-va^  capacily  in  the  vertical  direction  then  must  be  -  33  PbI 

From  Fig.  3A-i.2,  for  p^^,  ■  33*0  and  d/^L  -  0.104,  we  oLLuJju, 

(»SC  ♦  »SE>'a,  • 

Oiu.  r«qiU:rt  (iPj,  ♦  fgj)  •  .  0.96  <1.00  o.i. 

Wb  conclude  that  the  indicated  percentages  of  flexural  reinforcement  are 
aatiafactoxv. 

Diagonal  Tension  Strength; 

From  Fig.  5A-1.8,  -  O.7O 

Then  from  the  preceding  section,  9^  -0.5 

"  (0-70)(0.5)(5000)  -  1750 

tor  ot  -  1.0,  the  equivalent  shear  capacity  for  one ‘wvi-  al  ib 

action  Is: 


I  (1  t  a)  I  (2.0) 

From  Fig.  5A-1.7,  fox  p'  -  67-5 

\  I  -  O-l** 


67.5  pal 

and  X-9  f 
fee 


1750,  ve  obtain: 
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\  ■  oTIolT  “ 


Troa  Tig.  5A-1.5>  for  >  1.35>  ve  obtain: 

Vdy  “  *'2,000 
K  “  ‘ 

Ve  conclude  that  the  proposed  thickness  for  the  exterior  vail  is  adequate, 
and  the  required  reinforcement  percentages  are  not  excessive. 

Exterior  Colvms; 

Proposed  width  and  depth  are  60  In.  and  48  in,  respectively. 
Pure  Shear  Strength: 

Aasune  d«48*4a44ln. 


44 


L  12  X  12 
a  -  1.0 


0.31 


taken  as  equal 


prom  Pig.  5A-3.6,  p_  r  •  1050,  since  9  at  each  end  ney  be 

Oft  9 

nius  p.  -  1050(a/b)  -  1050(5/21)  -  250  pal  >  90  O.P. 

B 


Ve  conclude  that  the  colvmns  are  conservative  with  respect  to  p'ure  shear 
strength. 

Plexural  Strengtb .  Since  the  top  ana  bottom  moment  (.apacitles 
must  each  equal  the  end  moment  capacity  of  the  roof  beams,  ve  first  determine 
the  reinforcement  percentages  for  the  top  and  bottom  exterior  steel. 


A  wall  column  can  be  assuned  to  receive  rut  a  direct  compressios  load 
a  force  equal  to  the  end  reaction  of  the  roof  beam  which  frames  into  it.  Por 
the  ease  being  treated,  this  is: 

P  5  I  ((20  X  12)(10  X  12))  (186) 

“  2,6GO,000  lbs. 

Asswing  a  total  steel  percentage  Lo  the  eolwu  of 

Py  •  l(0.85)(6250)  ♦  (l.5)(5aO)]  (60  X  48) 

-  (5330  ♦  78o)(2680) 

-  (6ioo)(2680)  -  17, 500,000  iba. 


Bien,  from  Wg.  ?A-10.2  for  f  ’  ■  5000  and  atamlng  9  -  1,H: 

c 

vT  ■ 
u  • 

,  niuSj  ve  may  (aasualng  our  aasuaptions  thus  far  to  hanre  been 

reasonable)  proportion  the  flexural  steel  in  the  column  for  a  moment  equal  to 
l/j..6  times  the  end  manent  capacity  of  the  roof  beam.  Thus: 

For  roof  beam:  d  ■  6O.O  in.;  9^  ■■  0.^^ 

For  Wall  colvmin:  d  «  44.0  in. 

For  equal  moment  capacitive: 

2 

9g  (for  column)  «  (^)  (0.54)  ■  l.Tdj^ 

For  required  colunn  moment: 

<Pg  -  (i/i.6)(1.78)  «  l.ll^t 

idiich  is  leas  than  the  1.59^  assumed. 

Revising  the  cosqiutatlons: 

From  Pig.  5A-10.2,  for  f!  -  5OOO,  P/P  -  0.157,  and 
assiiaing  9  *  1.0^:  ^  ” 


To  obtain  required  column  moment: 

9g  -  (i/i.8)(1.78)  -  0.993t  -  l.O^t  as  assumed. 

Accept  this  as  being  reasonable  end  reinforcement  percentage.  It  also  agrees 
vith  the  original  assumption  of  a  total  steel  percentage  (for  c<Mqmtatlon 
of  P  }  of  1.5^  since  a  nominal  amoxmt  of  about  0.5^  vlll  ^  required  on  the 
cosqpresBion  face  (inside)  at  the  ends  of  the  column. 

To  obtain  the  steel  required  at  the  center  of  the  co'.v. 

refer  to  Fig.  5A-5.4  vhere  for  d/l  ■  0,51 

and  Pj^(|  +  |)  -  90(y  +  |)  -  425  , 

(9c  9c)f^  -  ^9,000  pel 
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and  <Pg  -  0.9*^  -  \  •  0.9*^  -  1.0  »  -  0.06^ 


Therefore  theoretically,  no  interior  eteel  Is  required  at  the 
colunn  center,  hut  a  nominal  amount  (>  O.OOft)  Is  needed  on  the  outside  of  the 
column.  To  insure  ductility,  require  O.Si  on  both  faces  of  the  column. 


Prom  Fig.  5A-1.8,  ■  O.7O 

Then  ■  (0.70)(0.5)(5000)  »  I75O 

Pjij  I  -  90(21/5)  -  578  psl 

Prom  Pig.  5A-3.8  for  “  1750  and  Pj,  ^  ■  378>  we  obtain: 

X  d 

-^-0.23 


\  0.31  • 

Therefore,  since  Xi^  <1.0,  no  veb  steel  Is  required. 

Ve  conclude  that  the  exterior  column  dlBensioas  are  seti^faetoxy, 
and  the  relnforcesent  percentages  are  reasonable. 

noor  aystem: 

Since  floor  slab  end  n.oor  beans  vere  stated  to  be  sinllar  to  roof 
slab  and  beau,  and  because  the  (upward)  floor  system  loading  In  only 
slightly  greater  than  the  roof  loading,  no  re'-iev  of  the  floor  systea  Is 
required. 


In  an  actual  design#  careful  attention  r  oct  be  given  to  a  nusber 
of  structural  factors  ihich  are  beyond  the  scope  of  this  lllustretlve  treat¬ 
ment.  It  might  be  adrentegeous  to  lacete  the  loof  beeu  end  exterior  colusms 
outeide  the  ro.>f  end  vail  slabs,  for  exaaiile.  Such  an  arrasgame?*  v.'iuld 
permit  e  few  feet  reduction  In  total  ('onsti’uctlon  depth.  H'r  planes 

throuSh  the  beam  eteu  (and  rertleal  planes  through  the  col\aso  steu)  mould 
be  eubjccted  to  tensile  stress  and  might  require  additional  relnfbroc<«ect. 

Xt  may  bs  noted  that  thla  condition  exlete  in  the  floor  bemu  as  proposed. 

Because  of  the  large  d/L  values  of  the  floor  beau,  their  dletor- 
tlou  vUl  be  quite  email,  even  thougi  a  U  value  of  3.O  vas  arsuaed. 
Baverthelese  the  effect  of  such  dietor^'lon  on  equipment,  end  indeed,  the 
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lAole  probloi  of  iaolatlng  personnel  and  equipment  from  shock  effects  vould 
require  careful  study. 

Tlnally^  extreae  care  muld  he  required  to  avoid  the  introduction 
of  local  structural  weaknesses  at  abrupt  section  changes  required  for  Joints/ 
atowtingS/  holes  for  tunnels  and  conduits/  entrances/  etc. 

6.5.7  Preliminary  Design  of  Alternate,  Flat  Blah  Hoof  for  Control 
Center.  Fbr  the  tvo'vay  slab  design  revleved  above  the  depth  of  floor  and 
roof  beams  had  to  be  relatively  large.  If  it  is  necessary  or  desirable  to 
minimize  the  construe Ilou  depth  the  xovlever  inl£^t  y^sh  to  explore  the  pos¬ 
sibility  of  using  flat  slabs  for  floor  and  ro'Of.  As  vas  noted  In  Para.  6.5.5/ 
flat  slabs  require  more  material  than  slab  end  beam  construction/  but  they 
are  more  efficient  txom  the  standpoint  of  space  utilization. 


Let  us  assume  a  flat  slab  roof  cf  In.  total  depti'./  without 
drop  panels/  and  with  colunn  capitals  approximately  6.0  ft.  square.  If  the 
Interior  clear  hel^t  is  maintained  at  12.0  ft./  the  total  structure  height 
would  be  21.0  ft.;  this  is  5.0  ft.  less  than  the  total  height  of  the  pre¬ 
viously  studied  slab  and  beam  type  structure.  Because  of  the  greater  roof 
slab  thickness  no  eax*th  cover  would  be  d  for  radiation  attenuation/ 

and  the  cover  could  be  the  witiiimm  deemed  necessary  for  concealment.  Eenee/ 
the  required  depth  of  construction  can  be  reduced  substanticUy  if  the  flat 
slab  scheme  lo  feasible.  IlHie  criterion  will  be  the  aegnltude  of  the  reinforce¬ 
ment  peTOentages  required. 


Ihe  assuBiption  that  drop  panels  will  not  be  used  may  require  rase 
explanation.  Assuming  that  the  interior  olear  height  must  be  maintained 
over  the  entire  area  outside  the  capitals/  and  that  we  hope  to  limit  the 
maxlmimi  slab  thickness  to  5^*0  in./  a  drop  panel  would  Imply  thicknesses  leas 
than  54.0  In.  outside  the  drop  panel  zones.  Slrce  the  total  flexural  capa¬ 
city  thereby  would  be  reduced/  uxop  panel  construction  will  not  be  assisaed. 


Since  two  layers  of  reinforcement  probably  will  be  needed  In  each 
direction/  assimie: 

d  »  54.0  -  4.0  -  50.0  In. 


-E-i.^^.0.2 

Lj  1^  12X23 

■  0  ?  *  ^  •  0.^^ 

-  0.5  ,  1^-20. 

From  Fig.  5A-5.6,  -  1.48 


6-16 


0.135  and 


'^ov 


From  the  expresaioas  on  Fig.  5A-5.5  for  d  /l,K, 
186,  we  obtain  -  383O  x  l(y  P  ^  J- 

Thus  the  required  flexureO.  capacity  is: 


P, 


3830  X  10^ 


mf  5000 


766  pei 


From  Fig.  5A-5A,  for  C./L,  -  cJl.  -  O.3  and  lJu  -  0.95, 
we  obtain  K  *  0.95  i  -x  2  2"  a 


Pj^  K  -  (766)  0.35  -  728  p*i 

Ftmi  the  expression  on  Fig.  5A-5.2  for  p  ,  K^7fiB  and  d/l,  =  0,2, 
we  obtain  «  303,000  ^ 

Thus  required 

From  Pig.  5A-5»3  tor  d^/d  »  1.0  and  =  0,  we  obtain 

X  -  1.0 


Row  assume  that  the  reinforcement  percentages  are  everywhere 


fequal;  i.e.,  9-  «  <P-  »  9^.  »  9+  ■  9, 


"b. 

1 


“2 


Then  9  »  9^  +  9^  +  1.0(9^  +  9^)  »  ^*9^ 

00  o  o  o 

and  9^  »  9A  •  5.83A  »  O.K. 

Ve  conclude  that  flat  slab  construction  with  a  total  slab  thickness  of  f^.O  In. 
is  feasible.  The  required  reinforcement  percentages  are  large,  but  the 
implied  steel  could  be  supplied  by  two  layers  of  steel  jUi  each  dljrection. 

6.3.8  Preliminary  Designs  of  Alternate  Reinforced  Concrete  Barrel 
Arch  Hoofs  for  Control  Center.  To  achieve  the  advantages  of  large  cleoa*  spans 
it  1^  necessary  to  use  a  shell  lype  roof.  As  was  noted  in  Para.  6.3.5,  this 
type  msQT  require  high'-capaclty  soil,  or  rock,  at  reasonable  depth  because  of 
concentrated  reactions  to  be  resisted  at  the  springing  line.  For  the  purposes 
of  this  illustration  let  us  assxne  that  foundation  conditions  are  suitable. 

Let  us  further  assine  that  50OO  sq.  ft.  of  space,  unlsipeded  by  columns,  and 
with  a  mlnlmimi  height  of  6.0  ft.  are  desired. 


Ka-ior  Mnensions; 

An  Infinity  srasber  of  combinations  of  central  angle,  radius,  duod 
barrel  length  would  satisiy  the  above-stated  space  reqxiirementa.  As  radius 
its  reduced  the  shell  thickness  decreases,  but  the  maxlaum  heif^t  of  structure 
(at  crown)  increases  for  a  given  transverse  span.  Obviously  the  acceptable 
planfors  is  sl^ilfleant;  i.e.,  will  a  working  space  50.O  ft.  x  100.0  ft. 
satisfy,  or  anist  the  smaller  clear  span  be  at  least  65. 0  ft.t  For  purposes  of 
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this  example  let  ub  as^'rse  that  a  minimum  working  space  dimension  of  62.^  ft. 
Is  deslredj  the  length  of  the  barrel  then  must  be  80.0  ft.  to  supply  the 
required  ^000  sq.  ft.  of  vorklng  area. 

Try  a  minimum  central  angle  of  120  degrees  between  springing  points. 
If  r  Is  the  radius  to  the  shell  nld-plane  and  the  thickness,  P,  Is  estimated 
to  be  about  2.0  ft.,  the  rise  of  the  Intrados  curve  will  be: 

(r  -  l)(l  -  cos  60°)  =  0.5(r  -  l) 

Ihen  r  can  be  determined  from  the  requirement  of  a  62.  ^'ft.  transverse  dlmen' 
Sion  with  6-0  ft.  headroom. 


[0.5(r-l)  -  6.0]t2(r-l)  -  0.5(r-l)  +  6.0]  - 
Prom  ihlch  r  »  42  ft. 

The  total  depth  of  the  extrados  curve  (at  crown)  will  be  approximately 
21.3  ft.,  and  the  transverse  sptm  of  the  extrados  curve  (at  sprlngiiig)  will  be 
about  76  ft.  If  a  smaller  central  angle  were  chosen  the  maximum  hel^t  would 
Increcuse  and  the  transverse  span  would  decrease.  For  this  example  the  above 
values  of  radius  and  central  angle  are  assumed  to  be  satisfactory. 

Earth  Cover; 

For  purposes  of  radiation  attenuation  a  depth  of  cover  at  the 
crown,  H  .  of  j.O  ft.  will  suffice.  To  achieve  the  advantages  of  8tr..ctural 
behavior^ associated  with  "full  burial"  (see  Para.  3A-3.7)  H  must  be  at  least 
0.123  times  the  transverse  span,  6. 

B  -  42(1.7^2)  -  72.8  ft. 

0.123  B  -  9-1  ft. 

In  addition,  to  be  considered  "fully  buried"  the  average  cover,  E  ,  must  be 
at  least  0.23  B.  For  the  arch  here  considered  the  latter,  requlrewnt  govema; 
that  ISj  an  average  cover  of  0.23  B  requires  a  crown  cover  H  »  12.4  ft., 

Jhic'l  is  greater  than  0.123B. 

Required  '*'*ch  thickness  and  reinforcement  will  be  datermined  for 

each  of  two  cases;  i.e.,  H  •  3.0  ft.  and  H  b  12.4  fi. 

c  c 

"Partial  Burial"  Case  (H  «  5.0  ft.): 

_ c _ 


Trom  Fig.  3A‘'7.5>  va  can  read  aararal  eonblnatlons  of  acc  .pt- 
ahle  9f^  and  d/r  BOwaver  the  ateap  alope  of  the  eurvaa  Isdicatca 

that  the  arch  thlcknesa  is  not  senattlve  to  changes  in  percentaga  relnforetMDt. 
/iSUBlag  <Pf^  equal  to  20,000,  and  Interpolating  for  -  6230,  va  find: 
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-  -  0.000225 

r  p 
'bo 


Thus  d  *  (1v2xA:;)(i80)(0.000225)  *  SOiit.  in. 


ox 

Vb  oust  check  the  erch  eepaelty  ¥ith  respect  to  buckling*  ftxa  Pera.  5A“3*7* 
XM  critical  load  as  governed  by  buckling  la: 

a2  «  2  ,  n  3 

TcR  “  ‘  *2'%^  15 


1.5(1  '  *J)(9){"-"^)(^)^  -  242  >  180 


Ve  conclude  that  a  total  ehell  thlckneea  of  24.0  in.  vlth  relnforeenent 

In  each  face  vlU  be  sufficient. 


"Pull  Burial"  Case  (H^  ■  12.4  ft.): 

c  _ 


■  0.25  B  -  0.25(72.8)  ■  18.2  ft. 

Katiaatlng  the  total  ehell  thickness,  B,  at  1.8  ft.,  ve  obtain: 

B  -t-  D  >  18.2  *  1.8  >  20.0  ft. 

av 

Aasiadng  a  reinfOreeiMnt  percentage  9.  ■  0.75^  (!.•*/  0*37^ 
la  each  face)  the  unit  strength  of  the  shell  section  is: 

0,85fl  +  o.009f^»-  •  0.85(6250)  ♦  0.009(5P.OOO)(0.73) 

dc  dy  X 

-  5310  +  ■  5660  pel 

proa  Pig.  5A-7.1  obtain  (p)j  O.OO3 

dT 

Proa  Pig.  5A-7.3  tor  p^  •  I80,  w  rer  .  (^)p  O.059 

Oius  y  ■  0.005  ".0^9  •  0.o42 

ital  required  D  -  0.042(42x12)  «  21  In. 

¥e  conclu'a  that  a  total  ehell  thickness  of  21.0  In.,  vlth  0.37^  relnforceaent 
la  each  face  vUl  suffice.  It  is  of  Interest  to  note  that  the  require-  thick¬ 
ness  is  essentially  the  ssm  for  the  "fully -bwled"  case  as  for  the  partially 
burled*  case. 

Ihe  ends  of  the  barrel  shell  etrw  tur*  can  be  closed  off  either  by 
a  slab  or  by  a  double-curved  shell.  If  -ot'e.  Is  chosen  It  vill  be  found 
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to  require  a  shell  thickness  approxlaately  one-half  as  large  as  that  of  the 
barrel  shell.  If  the  doubly-curved  shell  Is  used  for  end  closure  the  length 
of  the  barrel  shell  portion  can,  of  course,  be  reduced  somevhat. 
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